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Diversity in regulation of adhesion molecules
(Mac-i and L-selectin) in monocytes and
neutrophils from neonates and adults

C Torok, J Lundahl, J Hed, H Lagercrantz

Abstract
The surface expression and regulation of
the adhesion promoting glycoproteins
Mac-i and L-selectin was measured
on monocytes and neutrophils from neo-
nates and adults. A significant decrease
in Mac-I up regulation on both monocytes
and neutrophils was found in neonates
after both high (10-7M) and low (10-9M)
concentrations of the chemotactic fac-
tor N-formyl-methionyl-phenylalanine
(FMLP). A significant difference was
obtained after incubation for five minutes,
which was further enhanced after incuba-
tion for 15 minutes. Factors related to
bacterial infections, lipopolysaccharides,
activated sera (C5a), and aggregated IgG
induced an impaired Mac-I up regulation
on both monocytes and neutrophils from
neonates compared with adults. The
expression of L-selectin was significantly
lower on neutrophils from neonates and
was less down regulated upon stimulation
with a low concentration (10-12M) of
FMLP. On monocytes from neonates, the
expression and down regulation of L-
selectin did not differ from monocytes
from adults. Mode of delivery did not
influence the regulation of Mac-i and L-
selectin in neonates.

Diversity in expression and regulation
ofMac- I and L-selectin on monocytes and
neutrophils may contribute to the
increased susceptibility to infections
observed in neonates.
(Arch Dis Child 1993; 68: 561-565)
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The immunological host defence is immature
in the human neonate, which may contribute
to the high incidence of overwhelming sepsis in
preterm and term infants.' The most con-

sistent defect described is the inability of the
neonatal neutrophils to accumulate at the site
of bacterial invasion.2 This is partly due to a
reduced neutrophil storage pool and a failure
to increase the stem cell proliferation rate
during sepsis.3 4 Previous studies have revealed
that neutrophils from neonates have impaired
adherence to and migration through endo-
thelium and also impaired chemotaxis.5-8
Immaturity in other defence systems9 such as

decreased opsonic activity9 10 can contribute to
the increased infection rate. During acute
inflammation, neutrophils and monocytes are
recruited to the inflammatory site.-1 13
Neutrophils are important effector cells during
bacterial infections and monocytes undergo

maturation to inflammatory macrophages
performing both immune and non-immune
functions.'3 14

Both neutrophils and monocytes pass
several transient attachments to the vessel
walls before the final adhesion to and trans-
migration through the endothelium.15-17 This
recruitment is regulated by a sequential inter-
action of different adhesion molecules. Two
important families of adhesion molecules are
involved in this recruitment and are designated
selectins and integrins. Selectins mediate the
first step of attachment to endothelium; this is
called 'rolling'. 18-20 This rolling preceeds a
firm adhesion that is mediated by the integrin
family.'5 16 L-Selectin is distributed on most
leucocytes and is down regulated upon stimu-
lation with chemotactic factors.2' 22 Mac-i is
an important adhesion molecule in the integrin
family that mediates firm adhesion to endo-
thelium. Upon stimulation with chemotactic
factors, Mac-1 is rapidly mobilised to the
surface from an intracellular pool.23-25 This
inverse regulation of L-selectin and Mac-i is a
prerequisite for the sequential interaction
between inflammatory cells and endothelium
leading to an inflammatory response.
The aim of the present study was to see

whether immaturity of expression and regula-
tion of these adhesion molecules on monocytes
and neutrophils could predispose to severe
infection in the infant.

Methods
BLOOD SAMPLES
Blood was collected from the placental side of
the umbilical cord immediately after uncom-
plicated vagina deliveries (n= 19) and caesarean
section (n= 6). All infants were full term
(37-42 weeks) with a mean birth weight of
3600 g; girls/boys 16/9; and average Apgar
scores were 9, 10, 10 at 1, 5, and 10 minutes
respectively. For the control samples, blood
was collected from healthy non-allergic blood
donors aged between 18 and 65 years.

All samples were collected in ethylenedi-
aminetetra-acetic acid (EDTA) tubes and were
analysed within four hours.

LEUCOCYTE PREPARATION
EDTA blood was haemolysed in 50 RI aliquots
by dilution in 2 ml cold ammonium chloride-
EDTA 'lysing reagent' (Ortho Diagnostic
Systems) for five minutes at 15°C followed by
centifugation for five minutes at 300 g at 4°C.
The leucocyte pellets were washed once in
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0 15 M cold phosphate buffered saline supple-
mented with 0 1 mM EDTA and 0-02%
sodium azide (PBS-EDTA) and were then
resuspended in Roswell Park Memorial
Institute (RPMI) 1640 medium (Northumbria
Biologicals Ltd).

VIABILITY TESTING
Viability testing was performed by incubating
leucocyte pellets with carboxyfluorescein
diacetate (CFDA) (10 ,ug/ml) (Becton and
Dickinson Immunocytometry Systems) for 15
minutes at 18°C followed by one wash in PBS-
EDTA at 4°C. CFDA was retained and
hydrolysed by intracellular esterases, yielding
green fluoresceins. The fluorescence intensity
was analysed with flow cytometry (see below)
and results are expressed as percent CFDA
positive cells.

REAGENTS FOR RECEPTOR MOBILISATION
Lipopolysaccharides prepared from Escherichia
coli 026:B6 was used at a concentration of 100
,ug/ml. As the effect of lipopolysaccharides on
Mac- I mobilisation is enhanced in the presence
of lipopolysaccharide binding protein,26 RPMI
was supplemented with 10% heat inactivated
normal human sera from healthy AB Rh+
blood donors. N-formyl-methionyl-phenyl-
alanine (FMLP) was diluted to different con-
centrations from a 10-3 M pool stored at
-70°C. Lipopolysaccharides and FMLP were
purchased from Sigma Chemical. Aggregated
IgG was prepared from Gammaglobulin Kabi
165 mg/ml (Kabi Vitrum). The gammaglobulin
was diluted to 20 mg/ml in RPMI medium and
incubated at 630C for 30 minutes. After incu-
bation the gammaglobulin was diluted to a final
concentration of 2-5 mg/ml. Sera from healthy
AB Rh+ blood donor was incubated with heat
killed yeast particles to obtain complement
activation products, which major chemoattrac-
tant is generally considered to be C5a des arg.
This sera was then diluted in RPMI medium to
a final concentration of 10% and was
designated normal human serum in this study.

IMMUNOSTAINING AND FLOW CYTOMETRY
Mac-1 and L-selectin expression on leucocytes
was analysed by adding 10 RI of phycoerythrin-
conjugated monoclonal anti-CD 16 and 10 [lI
FITC-conjugated anti-Leu 8 respectively
(Becton and Dickinson Immunocytometry
Systems) to the leucocyte pellets prepared as
described above. The suspensions were in-
cubated on ice for 30 minutes and then washed
twice in cold PBS-EDTA. Isotype matched

Unstimulated (kept at 4°C) leucocytes from neonates and adults analysed according to
surface expression ofMac-i and L-selectin. Results (mean fluorescense intensity) are
expressed as mean (SD)

control antibodies, phycoerythrin-conjugated
IgG2 and fluorescein isothiocyanate (FITC)-
conjugated IgG2 (Becton and Dickinson Im-
munocytometry Systems) were used to define
the cut off for positive fluorescence, which was
the 99th centile of the distribution of the cells
labelled with control antibody. The cells were
finally resuspended in 0 5 ml PBS-EDTA and
analysed in Epics Profile 1 (Coulter Inc). Based
on light scattering properties, each cell is repre-
sented by a point in a rectangular coordinate
system. Discrimination frames were placed
around the granulocyte and monocyte clusters.
In control experiments the purity of neutrophils
and monocytes within the respective cluster
were defined with CD16 monoclonal antibody
(Becton and Dickinson Immunocytometry
Systems) and CD14 monoclonal antibody
(Coulter Inc), respectively. The instrument
gives the mean fluorescence intensity of the cell
population within each discrimination frame.

STATISTICAL ANALYSIS
Results are expressed as mean (SD).
Differences between groups were analysed
using non-parametric method (Mann-Whitney
U test) and were considered statistically signifi-
cant at p<0 05.

Results
VIABILITY AND CELL PURITY
The viability, measured as percentage CFDA
positive cells, was >97%/o for both granulocytes
(neonates 99 1 (0-90%, adults 98-6 (0 9)%)
and for monocytes (neonates 97 3 (1 2)%,
adults 98-8 (0 9)%). The purity of neutrophils
and monocytes in respective clusters was mea-
sured with anti-CD16 and anti-CD14 respec-
tively. CD16 positive cells were 97 5 (0.7)O/o
for neonates and 96 7 (1 -0)% for adults. CD14
positive cells were 95 1 (2.2)% for neonates
and 93-9 (13)% for adults.

EXPRESSION OF MAC-I AND L-SELECTIN ON
UNSTIMULATED NEUTROPHILS AND
MONOCYTES
The surface expression of Mac-I on unstimu-
lated (kept at 4°C) monocytes was lower in
neonates compared with adults (13 7 (6 3) and
20-6 (9 8) mean fluorescence intensity res-
pectively, p<005). On neutrophils, the
expression was comparable between neonates
and adults (14-9 (6 9) and 12-9 (7-1) mean
fluorescence intensity respectively; (table).
The expression of L-selectin was significantly
(p<0-001) lower on neutrophils from neonates
compared with adults but was similar on
monocytes (table).

EFFECT OF DIFFERENT INCUBATION TIME AND
FMLP CONCENTRATIONS ON MAC-1

Mac-i L-Selectin MOBILISATION ON NEUTROPHILS AND

Neonates Adults Neonates Adults MONOCYTES
(n=20) (n =20) (n=9) (n=10) Leucocytes were incubated with buffer alone
13 7 (6-3) 20 6 (9.8)* 29-1 (8-6) 31-0 (9 9) or buffer supplemented with different concen-
14-9 (6-9) 12-9 (7-1) 230 (60) 384 (4.2)** trations of FMLP at 37°C for five and 15

Monocytes
Neutrophils
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Figure I Leucocytes from neonates and adults were incubated with buffer alone or buffer supplemented with different
concentrations ofFMLPforfive (A) and (C) and 15 (B) and (D) minutes at 37°C. After incubation the leucocytes were

analysed according to Mac-i surface expression. The monocyte (A) and (B) and neutrophil (C) and (D) population was

gated and analysed byflow cytometry. Results are expressed as mean (SD) and are based on seven experiments;
*=p<OOS, **=p<O0O1.

minutes to obtain mobilisation of Mac-i. We
observed a dose and time related increase in
Mac-I expression on monocytes and neutro-
phils from neonates and adults. The surface
expression of Mac-i on monocytes from
neonates was significantly (p<0 05) lower after
five minutes incubation with buffer supple-
mented with FMLP (10-8M to 10-7M fig lA).
After 15 minutes incubation, monocytes from
neonates expressed significantly (p<0 05) less
Mac-i and also after incubation with buffer
alone and buffer supplemented with a low
(1 0-9M) concentration ofFMLP (fig 1B).
The mobilisation of Mac-i on neutrophils

showed a similar pattern as monocytes with
significantly (p<OO- ) lower surface expression
of Mac-i on neonatal compared with adult
neutrophils after incubation for five minutes
with buffer supplemented with FMLP (10-8M
to 10-7M; fig 1C). After 15 minutes incuba-
tion, neutrophils from neonates expressed less
Mac-i compared with adult neutrophils after
incubation with a broader range ofFMLP con-
centrations (10-9M- 10-7M; fig 1D).

THE EFFECT OF LIPOPOLYSACCHARIDES
AGGREGATED IgG, AND c5a ON MAC-i
MOBILISATION ON NEUTROPHILS AND
MONOCYTES
To evaluate the effect of factors related to bac-
terial infections, leucocytes were incubated with
aggregated IgG (2-5 mg/ml), normal human
serum (10%) and lipopolysaccharides (100
,ug/ml) at 37°C for 15 minutes. All these stimuli

caused a significantly (p<0O01) lower Mac-i
surface expression on monocytes (fig 2A) and
neutrophils (fig 2B) from neonates compared
with monocytes and neutrophils from adults.

TIME COURSE OF THE FMLP INDUCED DOWN
REGULATION OF L-SELECTIN
Leucocytes were incubated with buffer supple-
mented with FMLP 10-12M at 37°C for 1-5
minutes. During this incubation, surface
expression of L-selectin decreased on neutro-
phils from both adults and neonates but the
decrease was significantly (p<005-p<0-001)
less pronounced on neonates after 2-5 minutes
of incubation (fig 3B). Even if neonatal neutro-
phils expressed less L-selectin when kept at
4°C compared with adults, surface expression
after five minutes incubation with FMLP
(10-12M) at 37°C was significantly (p<0-05)
higher on neonatal neutrophils (8-8 (1-7) v 6A4
(3-3) mean fluorescence intensity). On mono-

cytes, the down regulation was less pro-
nounced compared with neutrophils and did
not differ between neonates and adults (fig
3A).

COMPARISON OF MAC-I AND L-SELECTIN
EXPRESSION FROM NEONATES DELIVERED
VAGINALLY VERSUS NEONATES DELIVERED BY
CAESAREAN SECTION
Samples from six neonates delivered by
caesarean section were compared with samples
drawn from six neonates vaginally delivered to
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Figure 2 Leucocytes from neonates and adults were
incubated with aggregated IgG (IgG-aggr) (2 5 mg/ml),
10% activated normal human serum (NHS) and
lipopolysaccharides (LPS) (100 ,ug/ml) at 37°C for 15
minutes and were then analysed according to surface
expression ofMac-i. The monocyte (A) and neutrophil
(B) populations were gated and analysed byflow
cytometry. Results are expressed as mean (SD) and are
based on six experiments; **=p<0.01.

evaluate the influence of mode of delivery for
expression of Mac-i and L-selectin. The
expression of Mac-I on monocytes and neutro-
phils kept at 4°C and after stimulation with
FMLP (10-7M) at 37°C for 15 minutes did not
significantly (p>0-8) differ between the two
groups. Additionally, surface expression on

monocytes and neutrophils kept at 4°C and the
FMLP (10-12M) induced down regulation of
L-selectin were not significantly (p>0-8) in-
fluenced by mode of delivery in our subjects
(data not shown).

Discussion
Recruitment of inflammatory cells is a key
event in host defence against microbes and
involves adhesion to and migration through the
endothelium of the circulating inflammatory
cells.'5-17 Neutrophils appear within hours
after onset of inflammation followed by mono-
cytes and lymphocytes which accumulate after
6-8 hours.'9 The mechanisms for this sequen-
tial accumulation are not fully known but dif-
ferences in expression and regulation of
adhesion molecules is probably of importance.

In this study we demonstrate a dose and
time related impaired mobilisation of Mac-i
on neonatal monocytes compared with adults
after incubation with the chemotactic factor
FMLP. This impaired mobilisation was

obtained also after stimulation with other
factors related to bacterial infections such as
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Figure 3 Leucocytes from neonates and adults were
incubated with buffer supplemented with FMLP (10-12M)
at 37°Cfor 1-5 minutes and then analysed according to
surface expression of L-selectin. The monocyte (A) and
neutrophil (B) populations were gated and analysed by
flow cytometry. Results are expressed as percent surface
expression compared with surface expression of
unstimulated (kept at 4°C) cells. Results are expressed as
mean (SD) and are based on seven experiments;
*=p<O05, ***=p<0001.

lipopolysaccharides, aggregated IgG and C5a,
indicating a stimuli independent phenomenon.
Neutrophils from neonates showed an
impaired Mac-I mobilisation which confirms
other studies demonstrating a impaired Mac-I
mobilisation on neonatal neutrophils com-

pared with adults after stimulation with FMLP
and C5a,27-29 despite a quantitative similar
pool of Mac-i 30

It is not clear whether impaired Mac-1
expression accounts for the predisposition to
infection in neonates as heterozygotes for con-

genital deficiency of Mac-i have no increased
susceptibility to infections3l; furthermore only
a minor part of the total pool of Mac-I is suffi-
cient for binding and uptake of C3bi coated
particles.32
We did not find any differences in the

expression and down regulation of L-selectin
on monocytes between neonates and adults.
This resemblance to adults suggests that the
recruitment of monocytes is less affected in
neonates as it has been proposed that L-
selectin mediates a major part of monocyte
adhesion to activated endothelium under non-

static conditions.33
We observed a decreased surface expression

of L-selectin on neonatal neutrophils and an
impaired down regulation upon stimulation
with low concentrations ofFMLP. On neutro-
phils, the surface level of L-selectin seems to be
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related to the adhesion properties to endo-
thelium under conditions of sheer stress,34
during which CD18 dependent adhesion is
reduced.35 The reduced surface level of L-
selectin may contribute to the impaired CD 18
independent adhesion of neonatal neutrophils
to endothelium, as discussed by others.36

In our studies, we did not find any influence
of mode of delivery on Mac-i and L-selectin
regulation, confirming other studies on Mac-i
regulation.28 37 We have demonstrated diver-
sity in the inverse regulation of Mac-I and L-
selectin on both monocytes and neutrophils in
neonates. This may reflect 'immaturity' in neo-

natal monocytes and neutrophils, which
together with 'immaturity' in other defence
systems probably contribute to the increased
susceptibility to infections.
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Foundation, Th Berg Foundation, and Karolinska Institute.
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