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The polymorphonuclear neutrophils (PMNs) of patients infected with human immunodeficiency virus type
1 (HIV-1) show impaired microbicidal responses. The present study assessed the functional integrity of PMN
degranulation responses and the expression of specific receptors that mediate these responses in a group of
children vertically infected with HIV-1. PMN degranulation in response to interleukin-8 (IL-8) and comple-
ment 5a (C5a) was measured in a group of HIV-1-infected children with mild and severe clinical disease and
in an uninfected control group. In addition, the expression of CXCR1, CXCR2, and CD88 on whole-blood
PMNs was quantified by flow cytometry. Although CXCR1 expression was found to be largely unaltered in the
HIV-1-infected children relative to that in the control children, the intensity of CXCR2 expression was sig-
nificantly reduced in those with severe disease. Furthermore, there was a significant reduction in the percen-
tage of cells expressing CD88 and in the intensity of CD88 fluorescence in the HIV-1-infected children com-
pared to that in control children, with CD88 fluorescence intensity more significantly reduced in the presence
of severe disease. PMNs from a large proportion of the HIV-1-infected children either showed reciprocal
degranulation responses or were unresponsive to IL-8 and C5a, whereas the PMNs from the uninfected
children showed positive responses. Inefficient agonist-induced degranulation may contribute to the increased
susceptibility of HIV-1-infected children to secondary microbial infections. Furthermore, reduced expression
of CXCR2 and CD88 may be suggestive of defects in other functions of PMNs from HIV-1-infected children.

Polymorphonuclear neutrophils (PMNs) are key effector
cells in the nonspecific host defense (33) and kill phagocy-
tosed organisms by oxygen-dependent and oxygen-indepen-
dent mechanisms. When neutrophils undergo respiratory burst
a series of toxic oxygen intermediates are produced, while
nonoxidative mechanisms rely on the actions of potent antimi-
crobial polypeptides contained within cytoplasmic granules
(17). A number of these responses are mediated by a variety of
molecules, the most important being interleukin-8 (IL-8), leu-
kotriene B4, anaphylatoxin complement 5a (C5a), N-formyl-
methionyl-leucyl-phenylalanine, and platelet-activating factor.
IL-8, a member of the C-X-C chemokine subfamily, has a
number of important biologic actions on neutrophils, including
the induction of chemotaxis (19), induction of respiratory burst
(41), and promotion of the release of lysosomal enzymes. C5a,
a potent mediator of neutrophil, basophil, and T-lymphocyte
chemotaxis (7), elicits responses in neutrophils similar to those
elicited by IL-8 including the promotion of cellular aggregation
(5) and the release of secretory constituents such as reactive
oxygen intermediates (20) and lysosomal enzymes (2, 8). IL-8
mediates its effects on neutrophils via CXCR1 and CXCR2,
which share 77% amino acid identity with the C5a receptor,

CD88 (13). CXCR1 and CXCR2 have been found to be func-
tionally different, with changes in cytosolic calcium and granule
enzyme release being mediated by both receptors, while the
activation of phospholipase D and respiratory burst are trig-
gered exclusively via CXCR1 (15).

Patients infected with human immunodeficiency virus (HIV)
type 1 (HIV-1) display a variety of immune abnormalities,
including various defects in the microbicidal responses of
phagocytic cells, which could contribute to the impaired host
defense against various opportunistic pathogens that charac-
terize AIDS. Functional defects in neutrophils from HIV-1-
infected adults have also been observed in a number of studies,
and these include defects in phagocytosis (16, 35), chemotaxis
(6, 24, 40), oxidative burst (4, 29, 35), bacterial killing (6, 26),
and degranulation (23). Furthermore, dysregulation of IL-8
production (18, 22, 38) and the altered expression of both IL-8
receptors (24) have been reported in HIV-1-infected patients.

A number of studies have also been conducted to look at the
functional capacities of neutrophils in HIV-1-infected chil-
dren. Both neutrophil antifungal (31) and bactericidal (32)
activities have been reported to be impaired in children in-
fected with HIV-1. Roilides et al. (31) observed reduced neu-
trophil activity against the hyphae of Aspergillus fumigatus in
HIV-1-infected children of various ages. They also found that
serum from these children suppressed the antifungal action of
neutrophils from uninfected individuals, although incubation
with recombinant HIV proteins (gp120, gp41, and p24) did not
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reduce neutrophil activity. Defective bactericidal activity against
Staphylococcus aureus has also been reported (32), although in
vitro, this bactericidal defect could be partially reversed by
granulocyte-macrophage colony-stimulating factor. In addi-
tion, phagocytic cells from HIV-1-infected children have been
found to have impaired oxidative burst capacity (4, 10). Neu-
trophils from HIV-1-infected children incubated with hyper-
immune HIV immune globulin have also been shown to have
significantly lower antibody-dependent cytotoxicities than neu-
trophils from healthy children (37).

We have previously shown an impaired IL-8-induced de-
granulation of PMNs from HIV-1-infected adults, but this was
only in part associated with the reduced levels of expression of
CXCR1 and CXCR2 (23). In addition, results from a study by
Wenisch et al. (42) suggested that the inability of neutrophils
from HIV-1-infected individuals to kill Candida spp. was likely
to be due to an ineffective nonoxidative defense armature. In
neonates both PMN production and function are immature.
Various studies have demonstrated defective adhesion and
chemotaxis (1) of neonatal PMNs, although phagocytosis (36)
and oxidative burst (27, 36) were found to be comparable to
those found for adult PMNs. To our knowledge, little is known
about the integrity of degranulation responses in both HIV-1-
infected and HIV-1-uninfected children. The study described
here was undertaken to determine the effect of HIV-1 infec-
tion on the expression of various receptors which mediate
PMN function and to monitor specific receptor-dependent cel-
lular responses. Degranulation of PMNs from a group of HIV-
1 infected children and a group of HIV-1-uninfected children
in response to two important in vivo agonists, IL-8 and C5a,
was therefore measured. In addition, the expression of both
IL-8 receptors, CXCR1 and CXCR2, and the receptor for C5a,
CD88, on whole blood PMNs was quantified by flow cytometry.

MATERIALS AND METHODS

Patient samples. A group of children vertically infected with HIV-1 attending
Chris Hani Baragwanath Hospital, Johannesburg, South Africa, were enrolled
for this study. The children ranged in age from 3 months to 11 years. Two
age-matched groups were selected to represent individuals with “severe” and
“mild” clinical presentations of HIV-1 disease. Infants grouped in the mild
category were well nourished, had no more than two prior hospital admissions
for a non-life-threatening event, and had no previous prolonged oxygen require-
ments (i.e., ,48 h). Infants were grouped in the severe category if they had
previously had at least one life-threatening HIV-1-related illness (e.g., meningitis
or proven sepsis) and/or more than two hospital admissions with HIV-associated
conditions (e.g., pneumonia or gastroenteritis), showed a severe failure to thrive,
and/or had a previous prolonged oxygen requirement (.48 h). Division of the
HIV-1-infected children into the mild disease and the severe disease groups
correlated well to standard immunological categories based on CD4 counts.
Blood samples were also collected from a control group of 15 age-matched,
uninfected children. The immunological characteristics and age distribution of
the children are shown in Table 1. Blood was collected into EDTA-containing
Vacutainer tubes (Becton Dickinson) and were processed within 6 h of collec-
tion. This study was approved by the University of the Witwatersrand Committee
for Research on Human Subjects, and informed consent was obtained from the
parents or legal guardians of all children enrolled in the study.

Reagents. Recombinant human C5a, cytochalasin B, and p-nitrophenyl-b-D-
glucuronide were obtained from Sigma Chemical Co. (St. Louis, Mo.). Recom-
binant human IL-8 was from Boehringer Mannheim (Mannheim, Germany).
Fluorescein isothiocyanate (FITC)-conjugated CD88 was obtained from Serotec
(Oxford, England). Mouse monoclonal antibodies to CXCR1 (9H1) and CXCR2
(10H2) were supplied by Genentech Inc. (San Francisco, Calif.). Mouse immu-
noglobulin G1 (IgG1) and IgG2a isotype antibodies from Serotec were used as
controls for CXCR1 and CXCR2, respectively. Secondary antibody was FITC-
conjugated goat anti-mouse (GAM-FITC) antibody obtained from Dako

(Glostrup, Denmark). Fluorescence-activated cell sorter (FACS) lysing solution
(103 concentrate) was from Becton Dickinson (San Jose, Calif.).

HIV-1 quantitation. HIV-1 levels were quantitated in appropriately diluted
patient plasma with the Quantiplex HIV RNA branched DNA system (Chiron
Diagnostics, East Walpole, Mass.) according to the manufacturer’s instructions.

Fluorescent labeling of PMNs in whole blood. Labeling of cells for CD88
expression was performed by adding 5 ml of FITC-conjugated CD88 antibody to
50 ml of whole blood. As a control, 5 ml of IgG1-FITC was added to 50 ml of
whole blood. Samples were incubated with the antibodies for 20 min at room
temperature, and the red blood cells were lysed with 2 ml of 13 FACS lysing
solution. The cells were then washed and resuspended in 200 ml of fixative, which
was 1.5% (vol/vol) formaldehyde containing 2% (wt/vol) bovine serum albumin.
Samples were stored at 4°C until analysis.

Labeling of cells with CXCR1 and CXCR2 antibodies was done by an indirect
staining method as described previously (24). Briefly, 5 ml of CXCR1 or CXCR2
antibody was added to 50 ml of whole blood final concentration, 2.5 mg/ml.
Control antibodies for CXCR1 and CXCR2 staining were 5 ml of mouse IgG1 or
IgG2a, respectively, added to 50 ml of whole blood. The samples were then
incubated with the antibodies for 20 min at room temperature and washed twice
with 3 ml of wash solution. After the samples were washed, 5 ml of the secondary
antibody, GAM-FITC, was then added to each of the samples, which were again
incubated for 20 min at room temperature. The samples were then washed, the
residual erythrocytes were lysed with 2 ml of 13 FACS lysing solution and
washed again, and the cells were resuspended in 200 ml of fixative.

Flow cytometry. All stained samples were acquired (10,000 events each) and
analyzed on a Becton Dickinson FACSort flow cytometer with a 488-nm argon
laser. Granulocyte populations were gated by using forward light scatter and side
light scatter characteristics. Data were analyzed with Cellquest, version 3.1,
software (Becton Dickinson) and were expressed as the percentage of cells
expressing CXCR1, CXCR2, or CD88 and their respective fluorescence inten-
sities.

Separation of neutrophils. Anticoagulated whole blood was diluted 1:1 with
phosphate-buffered saline (PBS), and the mixture was centrifuged for 30 min at
room temperature on a Hypaque-Ficoll gradient. Following removal of the
mononuclear cell layer, the remaining PMN-erythrocyte layer was overlaid onto
a secondary Ficoll gradient and centrifuged as described above. The remaining
steps were all carried out at 4°C. The PMN layer was removed from the second
gradient, the residual erythrocytes were lysed with a solution of 0.15 M NH4Cl,
10 mM KHCO3, and 1 mM sodium EDTA (pH 7.2), and the PMNs were washed
twice with PBS. The viabilities of the purified PMN suspensions were .98% as
determined by trypan blue exclusion, and the cells were immediately used for
assay of function.

b-Glucuronidase bioassay. PMN degranulation in response to C5a and IL-8
was measured by determination of the amount of b-glucuronidase released, as
described by Schröder et al. (34). Briefly, the concentration of PMNs was ad-
justed to 107/ml, and cytochalasin B was added to a final concentration of 5
mg/ml. Aliquots of 100 ml of the cell suspension were placed in a 96-well round-
bottom plate, and the plate was incubated for 15 min at 37°C. Human C5a test
samples with low (15.63 ng/ml) and high (1,000 ng/ml) input concentrations and
human IL-8 test samples with low (15.63 ng/ml) and high (500 ng/ml) input
concentrations, each in a total volume of 100 ml, were added to separate wells,
and the plate was incubated for a further 30 min at 37°C. The cells were then
pelleted at 200 3 g for 10 min at 4°C, and 100 ml of the supernatant was
transferred to the wells of a 96-well flat-bottom plate containing 100 ml of 0.01
M p-nitrophenyl-b-D-glucuronide in 0.1 M sodium acetate (pH 4.0). The plate
was incubated overnight at 20°C, the reaction was stopped with 100 ml of 0.4 M
glycine buffer (pH 10), and the absorbance was read at 405 nm. For the deter-
mination of the total b-glucuronidase content in PMNs, 5 3 105 cells were lysed
in 100 ml of 1% (vol/vol) Triton X-100–PBS. The release of b-glucuronidase at
different C5a and IL-8 concentrations was calculated as the optical density at 405
nm obtained at a particular C5a or IL-8 concentration divided by the total optical
density at 405 nm of the PMN lysate, expressed as a percentage. Degranulation
responses were defined as either positive, negative (reciprocal), or unresponsive,
according to the criteria described in Table 2.

Statistical analysis. All statistical analyses were performed with SPSS, version
8.0, software (SPSS Inc. Chicago, Ill.). Comparisons of various parameters be-
tween the different groups were done by the Mann-Whitney U test. Relation-
ships between data within the control group and the mild and severe HIV-1
disease groups were determined by Spearman’s rank correlations. Comparisons
of frequencies of the various types of degranulation responses were done by the
Kruskal-Wallis H test.
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RESULTS

Immunological characteristics of study groups. HIV-1-in-
fected children with severe disease had significantly reduced
CD4 counts, CD4 percentages, and CD4:CD8 ratios and sig-
nificantly increased CD8 percentages (P , 0.01) and HIV-1
RNA copy numbers than HIV-1-infected children with a
milder clinical course (Table 1). The percentage of PMNs,
although significantly higher among HIV-1-infected children
than among uninfected children, did not differ significantly
between those with mild and severe disease (Table 1).

CXCR1, CXCR2, and CD88 expression on whole-blood
PMNs. The expression of both IL-8 receptors (CXCR1 and
CXCR2) and the C5a receptor (CD88) was determined on
whole-blood PMNs by flow cytometry for 15 HIV-1-uninfected
control children and 48 HIV-1-infected children, 24 in the mild
disease group and 24 in the severe disease group. Figure 1A
shows the proportions of PMNs expressing CXCR1, which did
not differ between the three groups. The same was true in a
comparison of the relative fluorescence intensities of CXCR1
on PMNs (Fig. 1B), although there was a trend toward reduced
CXCR1 fluorescence intensity from normal levels in both the
mild disease and the severe disease groups. Similar propor-
tions of PMNs in all the groups expressed CXCR2 (Fig. 1C),
but the intensity of CXCR2 fluorescence was reduced in the
HIV-1-infected children relative to that in the controls and
was lower among HIV-1-infected children with severe dis-
ease than in HIV-1-infected children with mild disease (Fig.
1D).

CD88 expression, on the other hand, measured as the pro-

portion of PMNs expressing CD88, was significantly reduced in
both the mild (P , 0.05) and the severe (P , 0.001) disease
groups compared to that in the control group (Fig. 1E). Sim-
ilarly, the fluorescence intensity of CD88 was significantly re-
duced in the mild disease group (P , 0.001) and to a greater
extent in the severe disease group (P , 0.001) compared to
that in the control group (Fig. 1F), although in this case the
severe disease group showed a significantly lower CD88 fluo-
rescence intensity than the mild disease group (P , 0.05).
Representative histograms of the data obtained for control and
HIV-1-infected children are shown in Fig. 2.

In addition to looking at differences in the levels of expres-
sion of these receptors between the study groups, we also
compared the levels of expression of the different receptors
relative to each other. Figure 3 shows the associations observed
between the expression of these receptors on PMNs for the
control group and the HIV-1-infected children (mild and se-
vere disease groups combined). For the control uninfected
children, there was a very strong association between the per-
centage of PMNs expressing CXCR1 and the proportion of
PMNs expressing CXCR2 (r 5 0.746; P , 0.002) (Fig. 3A), as
might be expected. In addition, however, the proportion of
PMNs expressing CD88 also strongly correlated to the propor-
tion of PMNs expressing CXCR1 (r 5 0.736; P , 0.005) (Fig.
3B) and especially CXCR2 (r 5 0.925; P , 0.001) (Fig. 3C).
These associations, although less strongly correlated, were also
observed in the HIV-1-infected children (mild and severe dis-
ease groups combined), in whom the percentage of CXCR1-
expressing PMNs correlated with the proportion of PMNs ex-

TABLE 1. Immunological characteristics and age distribution of the study groupsa

Characteristic Control Mild Severe

No. of subjects 15 27 25

White cell count (no. of cells [103]/ml) 9.0 6 0.7 9.6 6 0.9 7.9 6 0.5

PMNs
Count (no. of PMNs [103]/ml) 2.5 6 0.2 3.7 6 0.5 2.8 6 0.4
Percentage 28.6 6 2.8 37.8 6 2.3b 34.9 6 2.7

CD4 cells
Count (no. of cells/ml) by age 2,180 6 320 1,143 6 198b 528 6 105b

0–24 mo 2,819 6 562 (n 5 7) 2,909 6 304 (n 5 6) 903 6 214 (n 5 8)b

24–60 mo 1,847 6 335 (n 5 5) 986 6 185 (n 5 9)b 448 6 161 (n 5 10)b

601 mo 1,244 6 51 (n 5 3) 436 6 65 (n 5 12)b 239 6 55 (n 5 7)b

Percentage by age 38.2 6 1.9 22.2 6 1.8b 12.6 6 2.4b

0–24 mo 40.2 6 3.2 (n 5 7) 33.9 6 1.7 (n 5 6) 18.5 6 5.2 (n 5 8)b

24–60 mo 34.8 6 0.8 (n 5 5) 25.3 6 1.4 (n 5 9)b 8.3 6 2.6 (n 5 10)b

601 mo 39.4 6 6.2 (n 5 3) 14.0 6 2.3 (n 5 12)b 8.9 6 1.7 (n 5 7)b

CD8 cells
Count (no. of cells/ml) 1,468 6 213 2,058 6 240 2,322 6 264b

Percentage 26.6 6 1.7 46.2 6 2.5b 58.0 6 2.9b

CD4:CD8 ratio 1.55 6 0.15 0.60 6 0.09b 0.26 6 0.06b

HIV viral load (log no. of RNA copies/ml) 4.57 6 0.15 5.33 6 0.14

a Results are expressed as the mean 6 standard error of the mean.
b Significant differences (P , 0.05) when results for the mild and severe disease groups are compared to those for the control group.
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pressing CXCR2 (r 5 0.695; P , 0.001) (Fig. 3D), while the
proportion of PMNs expressing CD88 also correlated to the
percentage of cells expressing both CXCR1 (r 5 0.506; P ,
0.001) (Fig. 3E) and CXCR2 (r 5 0.503; P , 0.001) (Fig. 3F).

Similar associations were found if the data for the HIV-1-
infected children in the mild and severe disease groups were
analyzed separately. CXCR1 fluorescence intensity also corre-
lated with CXCR2 fluorescence intensity in the uninfected

FIG. 1. CXCR1, CXCR2, and CD88 staining of PMNs from control children and HIV-1-infected children in the mild and severe disease
groups. PMNs were gated, and the proportion of cells expressing CXCR1 (A), CXCR2 (C), and CD88 (E) were determined. The corresponding
relative fluorescence intensities of CXCR1 (B), CXCR2 (D), and CD88 (F) are also shown. Data are presented as medians (horizontal bar), 25th
and 75th percentiles (boxes), and 10th and 90th percentiles (bars). Significant differences between groups are indicated. 3, outlier.
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control group (r 5 0.586; P , 0.05), the mild disease group
(r 5 0.636; P , 0.002), and the severe disease group (r 5 0.502;
P , 0.05). No significant correlations were found between the
CD88 fluorescence intensity and the fluorescence intensity of
either of the IL-8 receptors in any of the groups studied (P .
0.05).

Relationship between receptor expression and age and CD4
count of the child. The fluorescence intensities of CXCR1 and
CXCR2 on PMNs increased with age and decreased with CD4
count among all three groups studied. CD88 fluorescence in-

tensity, however, did not show these trends but, rather, tended
to decrease with age and increase with CD4 counts. Represen-
tative data showing the associations between the fluorescence
intensities of CXCR2 and CD88 and the age of the child (Fig.
4A) and CD4 count (Fig. 4B) for the mild and severe disease
groups are shown. Data for the control uninfected children
showed similar trends, but the associations found were not
significant (data not shown).

PMN degranulation in response to IL-8 and C5a. PMN
degranulation was evaluated in 15 HIV-1-uninfected children,
25 HIV-1-infected children with mild disease, and 23 HIV-1-
infected children with severe disease. PMN degranulation in
response to both IL-8 and C5a, each at a high and low con-
centration, was measured by quantitating the release of b-glu-
curonidase, an enzyme contained within PMN azurophilic
granules. Table 2 shows the frequencies of IL-8- and C5a-in-
duced degranulation responses for the different study groups.
All the uninfected control children were found to have nor-
mal positive degranulation responses to IL-8, while 14 of 15
showed a positive response to C5a, with PMNs from 1 control
child being unresponsive. In the mild disease group, however,
the frequency of positive responses was substantially reduced,
with more than half of the children in this group showing a
reciprocal response or being unresponsive to both IL-8 and
C5a. The frequency of positive degranulation responses in the
mild disease group was found to be significantly less than that
observed in the control group for both IL-8 (P , 0.001) and
C5a (P , 0.005). Among the HIV-1-infected children with
severe disease the proportion with impaired PMN degranula-
tion responses was even greater, with the frequencies of posi-
tive responses being significantly lower than those for the con-
trol group for both IL-8 (P , 0.001) and C5a (P , 0.005). The
number of positive responses to C5a was the same for the
mild and severe disease groups, whereas the severe disease
group had a lower proportion of positive responders to IL-8
than the mild disease group (8 versus 10 children, respec-
tively).

We further measured the abilities of PMNs to degranulate
spontaneously in the absence of any stimulus, and we found
that there was a trend toward an increased spontaneous re-
lease of b-glucuronidase from the PMNs of children in the
mild and severe disease groups compared to that for PMNs
from children in the control group (P . 0.05) (data not shown).

Relationship between degranulation responses and receptor
expression. Since IL-8 mediates its activities via CXCR1 and
CXCR2 and since C5a mediates its activities through CD88,
we compared the levels of expression of these receptors to the
response induced by a particular concentration of either ago-
nist. For the control group, the amount of b-glucuronidase
released at the low input concentration of IL-8 (15.63 ng/ml)
correlated negatively with the percentage of PMNs expressing
both CXCR1 (r 5 20.529; P , 0.05) and CXCR2 (r 5 20.646;
P , 0.01). In addition, the release of b-glucuronidase induced
by 1,000 ng of C5a per ml correlated with the CD88 fluores-
cence intensity (r 5 0.524; P , 0.05). For the mild and severe
disease groups, however, no significant associations were found
between receptor expression and the magnitude of degranula-
tion responses at either input concentration of agonist. In
addition, when we looked at the types of responses in the
HIV-1-infected children, we observed that PMNs from those

FIG. 2. Histograms showing comparative fluorescent staining of
CXCR1 (A), CXCR2 (B), and CD88 (C) on PMNs from representa-
tive control (dark shading) and HIV-1-infected (light shading) chil-
dren.
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children who had reciprocal or unresponsive IL-8- or C5a-
induced degranulation responses expressed similar levels of
the IL-8 receptors or CD88 compared to the levels of expres-
sion of IL-8 receptors and CD88 on PMNs from children with

positive responses. For all three groups, IL-8-induced degran-
ulation responses were found to be very strongly correlated to
the responses induced by C5a for both magnitude and type of
response (P , 0.001).

FIG. 3. Relationships between the proportions of PMNs expressing CXCR1, CXCR2, and CD88 for the uninfected controls (panels A, B, and
C, respectively) and the HIV-1-infected children (panels D, E, and F, respectively).

26 MEDDOWS-TAYLOR ET AL. CLIN. DIAGN. LAB. IMMUNOL.



FIG. 4. Relationships between the fluorescence intensities of CXCR2 and CD88 and corresponding age (A) and CD4 counts (B) of the
HIV-1-infected children in the mild and severe disease groups.
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DISCUSSION

It is widely accepted that the defective functioning of phago-
cytic cells in HIV-1-infected individuals, particularly children,
may contribute to the increased risk of serious bacterial and
fungal infections. In this study we have shown that PMNs from
children vertically infected with HIV-1 have a significantly
altered expression of CXCR2 and CD88 but not of CXCR1
compared to the expression of CXCR1, CXCR2, and CD88 on
PMNs from a group of HIV-1-uninfected children. Although
there was a trend toward a reduced fluorescence intensity of
CXCR1 in the mild and severe disease groups compared to
that in the control group of children, this did not attain signif-
icance. CXCR2 expression on PMNs was, however, found to
be significantly reduced in the HIV-1-infected children with a
severe clinical course. We have previously shown a reduced
expression of both CXCR1 and CXCR2 on PMNs from HIV-
1-infected adults (24). We had observed that both the propor-
tion of PMNs as well as the relative fluorescence intensities of
CXCR1 and CXCR2 were significantly reduced in HIV-1-
infected patients compared to the intensities for uninfected
controls. These reductions were found to be present, irrespec-
tive of the patients’ immunological status, as determined from
their CD4 cell counts. Similarly, in our current study, the HIV-
1-infected children, divided into those with mild disease and
those with severe disease on the basis of clinical and immuno-
logical observations, showed no differences in CXCR1 expres-
sion when the levels of expression for the two groups were
compared to each other. However, the fluorescence intensity
of CXCR2 was found to be significantly reduced in children
with severe HIV-1 disease than in those with a milder clinical
course, indicating that expression of CXCR2 in children may
be linked to disease progression. However, the observation
that only CXCR2 fluorescence intensity and not proportions of
cells is reduced in the HIV-1-infected children indicates that
infection with HIV-1 may play a lesser role in the overall
modulation of CXCR2, and especially that of CXCR1, in chil-
dren than it does in adults.

The expression of the receptor for the classical chemoattrac-

tant C5a, CD88, was quantified in parallel to the expression of
the IL-8 receptors on PMNs. Both the proportion of PMNs
expressing CD88 and fluorescence intensities were found to be
significantly reduced in the mild disease group and were found
to be reduced even more in the severe disease group compared
to those for the uninfected controls, thereby providing another
possible indicator of disease severity. Monari et al. (25) have
recently demonstrated a significant reduction of CD88 expres-
sion on PMNs from adults with late-stage HIV-1 infection
(,200 CD4 cells/ml). Comparable levels of CD88 expression
on PMNs were, however, observed in patients with early-stage
HIV-1 disease (.400 CD4 cells/ml) and uninfected controls.
They hypothesize that this reduced level of expression of CD88
would render PMNs unable to respond to C5a, resulting in the
impairment of various PMN functions. Other studies have in-
dicated the importance of CD88 for host defense in the lung,
where CD88-expressing neutrophils mediate clearance of mu-
cosal bacterial organisms. Höpken et al. (14) showed that mice
deficient in the C5a receptor were unable to clear Pseudomo-
nas aeruginosa given intratracheally and succumbed to pneu-
monia, whereas wild-type littermates rapidly cleared the bac-
terial burden.

Both the IL-8 receptors and CD88 belong to the family of
seven transmembrane-spanning G-coupled protein receptors.
Quantification of the expression of all these receptors on the
same samples has allowed us to demonstrate a very strong
association between the modulation of CD88 expression and
that of CXCR1 and CXCR2 expression, which has not previ-
ously been described. We have observed that the proportion of
PMNs expressing CD88 correlated with the percentage of cells
expressing CXCR1 and CXCR2 in all three groups studied.
Other studies have demonstrated interactions between these
receptors on PMNs. A study that used scanning electron mi-
croscopy to detect immunogold-labeled CD88 and IL-8 recep-
tors showed that these receptor populations are expressed in
clusters on nonprojecting domains on the PMN membrane (9).
A unidirectional heterologous receptor desensitization be-
tween CD88 and the IL-8 receptors has been reported by
Blackwood et al. (3), in which prestimulation of PMNs with
C5a resulted in a significant reduction in chemotaxis of these
cells toward IL-8.

We further found that the expression of these receptors on
PMNs is related to both the age and the CD4 percentage of the
child. CXCR1 and CXCR2 were found to be modulated in the
same way, with receptor density (fluorescence intensity) in-
creasing with increasing age of the child. In contrast, however,
the intensity of CD88 expression decreased with age. These
results may indicate that in younger children CD88 may be a
critical receptor in mediating PMN function, but over time, as
the immune system matures and develops, other receptors
such as the IL-8 receptors may become increasingly expressed
and become more involved in PMN functioning and so com-
pensate for the reduced level of CD88 expression.

Our previous work has demonstrated that the altered ex-
pression of CXCR1 and CXCR2 can in part be associated with
impaired IL-8-induced PMN functions, including chemotaxis,
calcium mobilization (24), and degranulation (23). Therefore,
in addition to quantifying the expression of CXCR1, CXCR2,
and CD88 on PMNs we also assayed for IL-8- and C5a-induced
degranulation in order to determine if functions dependent on

TABLE 2. Frequencies of IL-8- and C5a-induced
degranulation responses

Group and response
inducer

No. (%) of subjects

Positive
responsesa

Reciprocal
responsesb Unresponsivec

Control (n 5 15)
IL-8 15 (100) 0 (0) 0 (0)
C5a 14 (93.3) 0 (0) 1 (6.6)

Mild disease (n 5 25)
IL-8 10 (40.0) 12 (48.0) 3 (12.0)
C5a 10 (40.0) 10 (40.0) 5 (20.0)

Severe disease (n 5 23)
IL-8 8 (34.8) 12 (52.2) 3 (13.0)
C5a 10 (43.5) 12 (52.2) 1 (4.3)

a Greater release of b-glucuronidase at the higher input concentration of
agonist than at the lower: a normal response.

b Greater release of b-glucuronidase at the lower input concentration of ag-
onist than at the higher: a reciprocal response.

c No difference in release of b-glucuronidase between the two concentrations
of agonist used.
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sufficient receptor expression were also impaired in children.
Adult HIV-1-infected patients had a reciprocal degranulation
response to IL-8 compared to the response of uninfected per-
sons, in that increasing IL-8 concentrations resulted in de-
creased levels of enzyme release. Similarly, in this study, a large
proportion of the HIV-1-infected children had either recipro-
cal degranulation responses or were unresponsive to IL-8 and
C5a. This was especially apparent in the severe disease group
compared to the response of those in the mild disease group,
suggesting an association with the severity of clinical disease.
Studies carried out with two monoclonal antibodies raised
against both IL-8 receptors of human PMNs have indicated
that CXCR1 and CXCR2 are functionally different (15), al-
though both can signal independently for enzyme release from
the granule. The reciprocal degranulation responses observed
in the HIV-1-infected children in this study could not, how-
ever, be associated with a reduced level of expression of either
CXCR1 or CXCR2, indicating that a number of factors which
result in impaired responses are probably involved (39). Al-
though we observed that HIV-1-infected adults whose PMNs
had the poorest ability to degranulate were also those who had
the lowest density of CXCR1 on their PMNs (23), this could
not explain the impaired IL-8-induced degranulation re-
sponses in the HIV-1-infected children in this study, since
CXCR1 expression was largely unaltered in the groups with
HIV-1 disease. Several lines of evidence suggest that PMNs
from HIV-1-infected individuals are primed in vivo; that is,
they have been stimulated by exposure to various proinflam-
matory cytokines, HIV-1 proteins, or circulating bacterial
products. The altered expression of surface makers such as
FcgRIII (CD16) (21) and CD11b (28), enhanced apoptosis of
PMNs upon isolation (30), and enhanced phagocytosis of Esch-
erichia coli (35) and Candida spp. (42) are all suggestive of a
primed PMN phenotype in individuals infected with HIV-1.
Further support is provided by an increased spontaneous exo-
cytosis of PMN granules from HIV-1-infected individuals (23),
which has been confirmed for the children in this study. In
vitro, PMNs which have been desensitized by prestimulation
have also been found to be unable to generate oxygen inter-
mediates and to degranulate when induced (11, 12). Taken
together, PMNs primed in vivo in HIV-1-infected individuals
are likely to have reduced responsiveness when they are sub-
sequently activated, which could provide an explanation for the
results presented here.

In conclusion, this study has shown that PMN degranulation
in HIV-1-infected children is impaired and that the expression
of various receptors which mediate a number of essential PMN
functions is altered. Since PMNs play such a vital role in the
clearance of invasive organisms, these changes may be an im-
portant explanation for why HIV-1-infected children are more
susceptible to secondary infections than their uninfected coun-
terparts. As impairments in degranulation are often apparent
early in HIV-1 infection, monitoring of this cell function as a
measure of the recovery of important innate immune functions
may be important for HIV-1-infected children treated with
antiretroviral drugs.
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