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Introduction

Summary

In patients with human immunodeficiency virus (HIV) infection, neutrophil
and monocyte functions, including phagocytosis, are impaired. The purpose
of this study was to investigate changes of phagocytic function and respiratory
burst occurring over the course of patients infected by the HIV-1 virus.
Treatment-naive patients (group B), patients receiving highly active anti-
retroviral treatment (HAART) (group C) and patients in which HAART has
failed (group D) were studied and compared with healthy volunteers (group
A).Phagocytosis and oxidative burst were evaluated using commercially avail-
able kits. Results clearly denote a significant decrease of the phagocytic func-
tion of both cell types of groups B and C compared with group A. Among
group C patients, those in the upper quartile of CD4 increase had higher
oxidative burst compared with patients of the other quartiles. In addition,
comparisons clearly showed a lower degree of phagocytic function and of
oxidative burst of both monocytes and neutrophils of group D compared with
group B. Finally, it was found that monocyte and neutrophil function was
correlated inversely to the change in viral load, i.e. the greater the decrease of
viral load, the better the phagocytic and oxidative activity. Innate immunity
defects appear to be present in HIV-positive patients, regarding phagocytic
activity and oxidative burst of monocytes and neutrophils. These defects are
greatly influenced by the level of treatment efficacy, with emphasis on CD4
cell counts and viral load.
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HIV [2] or are secondary to other events remains to be
determined.

Polymorphonucleocytes (PMNs) and monocytes are impor-
tant effectors of innate immunity. They can recognize and
phagocytose bacteria and other microorganisms, and addi-
tionally they can present antigen and mediate prime adaptive
immune responses. In patients with human immunodefi-
ciency virus (HIV) infection, neutrophil and monocyte
functions, such as chemotaxis, respiratory burst activity, bac-
terial killing and antibody-dependent cell-mediated cytotox-
icity, are impaired. It has thus been suggested that these are,
at least in part, responsible for the increased frequency and
severity of bacterial and opportunistic infections in these
patients [1]. Whether some of these defects result directly
from the infection of the mononuclear phagocytes by
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Although there is general agreement that phagocytosis is
impaired in HIV-infected patients, there are contradictory
reports regarding individual indices of phagocytic function.
For example, superoxide production by PMNs has been
reported as increased, decreased or normal in different
studies [3—6]. It is questionable whether function of mono-
cytes and neutrophils for phagocytosis and oxidative burst is
improved by efficient highly active anti-retroviral treatment
(HAART) or impaired when HAART has failed. The purpose
of this study was to investigate changes of phagocytic func-
tion and respiratory burst occurring over the course of
patients infected by the HIV-1 virus. To this end, treatment-
naive patients, patients receiving HAART and patients in
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which HAART has failed were studied and compared with
healthy volunteers.

Patients and methods

The study protocol was approved by the competent institu-
tional Ethics Review Board (‘G. Gennimatas’ Athens General
Hospital). All patients provided written informed consent
and the study was conducted in accordance with the provi-
sions of the Declaration of Helsinki. HIV-1 seropositive
patients, regularly followed-up at the HIV out-patient clinic,
were eligible to participate.

Exclusion criteria were: (a) any active bacterial infection
or current anti-microbial treatment; (b) long-term therapy
for tuberculosis; (c) any acquired immunodeficiency
syndrome-related opportunistic infection, as defined by the
Centers for Disease Control (CDC) criteria [7]; (d) neutro-
penia defined as fewer than 1000 neutrophils/mm’; (e)
chronic infection by hepatitis B or C viruses; and (f) chronic
intake of corticosteroids defined as any daily oral intake of
equal to or more than 1 mg/kg of equivalent prednisone for
more than 1 month.

Gender- and age-matched healthy volunteers were
enrolled.

The study was cross-sectional and every patient was
studied on one single day. More precisely, enrolled individu-
als were assigned into four groups, as follows:

+ Group A: healthy volunteers;

« Group B: HIV-1-seropositive patients who were
treatment-naive; these patients remained treatment-naive
because they did not present any criteria for start of
HAART;

+ Group C: HIV-1 seropositive patients who were receiving
HAART; and

+ Group D: HIV-1 seropositive patients who had discontin-
ued HAART because of treatment failure. HAART failure
was defined as the inability to maintain suppression of
viral replication to viral load of fewer than 200 copies/ml.

The study visit for group C was scheduled at least 3
months after initiation of HAART; for group D, the study
visit was scheduled at least 1 month and no more than 3
months after treatment discontinuation.

Absolute CD4 cell count and viral load were recorded for
every enrolled patient at baseline of start of HAART and on
the day of the study visit. Absolute CD4 cell count was deter-
mined after staining of lymphocytes with the monoclonal
antibodies anti-CD45 at the fluorochrome PC5, anti-CD3
at the fluorochrome fluorescein isothiocyanate (FITC) and
anti-CD4 at the fluorochrome phycoerythrin (PE) using
appropriate isotypic antibody controls and magnetic beads
after passage through a flow cytometer. Viral load was deter-
mined by real-time polymerase chain reaction (PCR) of
whole blood.
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On the study visit, 10 ml of whole blood were collected
after venipuncture of one peripheral vein under aseptic con-
ditions into heparin-coated, pyrogen-free tubes. Tubes were
transported immediately for processing.

Phacogytosis parameters were measured with the Phag-
otest® kit (Orpegen Pharma, Heidelberg, Germany), accord-
ing to the manufacturer’s instructions [8]. Fresh heparinized
blood was pre-incubated in a water bath for 15 min at 0°C.
In this test, 2 x 10" FITC-labelled Escherichia coli, precooled
at 0°C, was added to 100 pl of whole blood. All samples were
then incubated for 10 min at 37°C. The bacteria were
opsonized with immunoglobulin and complement from
pooled sera. A negative control was kept on ice. At the end of
the incubation time, phagocytosis was stopped by placing
the samples on ice. Quenching solution (100 pl of Brilliant
blue) was added in order to suppress the fluorescence of
bacteria connected to leucocyte surfaces. After two con-
secutive washing steps, erythrocytes were lysed using lysis
solution for 20 min at room temperature. Then, 200 pl pro-
pidium iodide was added to stain leucocytes and bacterial
DNA. Subsequently, neutrophils and monocytes were analy-
sed by flow cytometry, and phagocytic activity was quanti-
fied as the individual cellular phagocytic activity, expressed
as the degree of fluorescence per cell (mean fluorescent
intensity — MFI) after analysis by a flow cytometer.

Oxidative burst was determined quantitatively with the
Bursttest® kit (Orpegen Pharma) according to the manufac-
turer’s instructions [9]. Fresh heparinized blood was pre-
incubated in a water bath for 15 min at 0°C. Then, four
testing tubes were filled with 100 pl of blood each, and either
2% 107 unlabelled opsonized bacteria E. coli (test sample),
20 pl of substrate solution (negative control), 20 ul of 5 uM
peptide N-formyl-MetLeuPhe (fMLP) as chemotactic low
physiological stimulus (low control) or 20 pul of 81 uM
phorbol 12-myristate 13-acetate (PMA), a strong non-
receptor activator (high control). All samples were incubated
for 10 min at 37°C in a water bath. Dihydrorhodamine
(DHR)-123 as a fluorogenic substrate was added and incu-
bated again in the same conditions. The oxidative burst
occurred with the production of reactive oxygen inter-
mediates (ROIs) (superoxide anion, hydrogen peroxide) in
granulocytes and monocytes stimulated in vitro. In ROI-
stimulated granulocytes and monocytes, non-fluorescent
DHR-123 underwent conversion to fluorescent rhodamine
(R) 123. Erythrocytes were removed using lysing solution for
20 min at room temperature. Samples were washed and the
supernatant was decanted. An amount of 200 ul of DNA
staining solution (centrifuged and incubated for 10 min at
0°C in a dark place) was added to discriminate and exclude
aggregation artefacts of bacteria and/or cells in cytometric
flow analysis. Finally, neutrophils and monocytes were analy-
sed by flow cytometry and oxidative burst was quantified as
the enzymatic activity (the amount of released ROIs) per
cell, expressed as the mean fluorescence intensity (MFI) after
analysis by a flow cytometer [10].
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On each experiment day, two patient and one control
samples were processed. Laboratory personnel were blinded
as to clinical data and samples were labelled by serial
numbers, without any reference to the identity of subjects.

Flow cytometry

At least 20 000 leucocytes were collected from each sample
and measured on a fluorescence activated cell sorter (FAC-
S)Calibur flow cytometer. The instrument was calibrated
and standardized between each analysis by using Calibrite
beads [Becton Dickinson (BD), Franklin Lakes, NJ, USA].
All samples analysis was performed with CellQuest soft-
ware (BD). The granulocyte populations were gated using
their forward- and side-scatter dot-plots.

Statistical analysis

Results were expressed as means * standard error of the
mean. Comparisons between groups were performed using
one-way analysis of variance (ANova), with Bonferroni post-
hoc correction for multiple comparisons. For group C,
patients were divided into quartiles of change of the absolute
CD4 cell count (on the study visit from baseline). Patients
belonging to the upper quartile were considered as subgroup
C1 and the remaining of patients as subgroup C2. Compari-
sons between subgroups were performed using Student’s
t-test for unpaired data. Time from start of HAART in
patients of group C and measurements of phagocytic
function and of oxidative burst were correlated according to
Spearman’s rank order. Any value of P below 0-05 was
considered significant.

Results

A total of 100 patients were enrolled in the study; 40 were
assigned into group B; 40 into group C and 20 into group D.
Thirty healthy volunteers were enrolled in group A. Demo-
graphic characteristics of the study population are summa-
rized in Table 1. No patient was administered corticosteroids
within the previous 6 weeks before the study visit.
Phagocytic activity and oxidative burst of monocytes and
neutrophils of groups are shown in Fig. 1. These results
clearly denote a significant decrease of the phagocytic func-
tion of both cell types of groups B and C compared with

Table 1. Demographic characteristics of patients enrolled into the study.

Impaired phagocytosis in HIV patients

group A. No differences were found between the treatment-
naive group B and group C, with the exception of the neu-
trophil oxidative burst being significantly lower in group C
compared with group B. Comparisons clearly showed a
lower degree of phagocytic function and of oxidative burst of
both monocytes and neutrophils in group D compared to
group B. A positive correlation was found between the
phagocytic function of monocytes of patients of group C
and the time from start of HAART (r.: +0-418, P =0-007);
between the oxidative burst of monocytes of patients of
group C and the time from start of HAART (rg: +0-365,
P =0-021); and between the oxidative burst of neutrophils of
patients of group C and the time from start of HAART
(r¢: +0-314, P=0-049).

We hypothesized that the impaired activity of monocytes
and of neutrophils of group C (patients on HAART) may
not be similar in all treated patients, being comparatively
less impaired in patients of group C with better immuno-
logical response compared to those with a less satisfactory
response to HAART. We assumed that immunological
response to HAART may be indexed by the level of increase
of the absolute CD4 cell count on the time of sampling
compared to the respective count at baseline (before start
of HAART). To this end, quartiles of changes of the abso-
lute CD4 cell count from baseline of start of HAART were
determined. The upper quartile of patients (subgroup C1)
showed increases of CD4 cells between 273 and 373/mm’
from baseline. These patients had greater oxidative burst of
monocytes and neutrophils, compared to patients belong-
ing to subgroup C2 (CD4 cell increase in the range of
9-272/mm’) (Fig. 2).

Another question was whether changes of viral load
from baseline may be correlated with monocyte and neu-
trophil function. Indeed, in patients of groups C and D,
monocyte and neutrophil function was correlated inversely
with the change in viral load (Fig.3), i.e. the greater
the decrease of viral load, the better the phagocytic and
oxidative activity.

Discussion

In the present report we show that the functions of phago-
cytic activity and oxidative burst of neutrophils and of
monocytes are impaired among HIV-1 infected patients
compared with healthy controls. Previous data exist on the
influence of HIV infection on phagocytosis and intracellular

Group A Group B Group C Group D P
Male/female 15/15 21/19 10/10 0-995
Age (years, mean * s.d.) 36:6 * 89 366 * 89 36:6 =95 363 + 84 0-999

CD4 cells (/mm®, median—range) 920 (328-1882) 244 (147-550) 262:5 (132-604) 139 (73-447) <0-0001

Viral load (logyo copies/ml, median-range)  — 4.51% (2-65-5-66) 1-69 (1-70-5-62) 4-85 (2:67-5-47) < 0-0001
*Statistical comparison group B versus group D. P: non-significant (n.s.); s.d.: standard deviation.
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killing of microorganisms [11], as well as on neutrophil
function [12] which, however, refer to the ability for killing
of intracellular microorganisms, such as mycobacteria, Sal-
monella spp., Pneumocystis jirovecii, Cryptococcus neoformans
and Candida albicans [13-16]. Available evidence on phago-
cytosis of extracellular bacteria in HIV infection leads to
contradictory results; some authors report increased phago-

cytosis and intracellular bactericidal activity, whereas others
report normal or decreased function [3-6,17]. These contra-
dictory findings can be explained on the basis of several
factors, such as patient age, stage of HIV infection, concur-
rent infections and concomitant medication. Methodologi-
cal differences, such as the choice of microorganism for the
phagocytosis and intracellular killing assays, could have also
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Fig. 2. Phagocytosis and oxidative burst of c1 c2 ct c2
monocytes and of neutrophils of patients 1500F Monocytes 1500F Neutrophils
infected by human immunodeficiency Oxidative burst Oxidative burst
virus (HIV-1) after start of highly active 1200+ 1200+

anti-retroviral treatment (HAART). Patients are

divided into group C1 (n =10) with change T 900¢
of CD4 cells from 273 to 373/mm’ from =

baseline of start of HAART and C2 (n = 30) 600r
with change of CD4 cells from 9 to 272/mm’ 3000

from baseline of start of HAART. P-values refer

to comparisons between groups C1 and C2; 0 _il___ 0

n.s.: non-significant. c1
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played a role. Finally, the assays used are often difficult to
standardize; therefore, comparison of the results of different
studies is problematic.

To control for some of these problems, we have compared
three groups of HIV patients who are representative of dif-
ferent stages of the physical course of HIV infection:
treatment-naive, on HAART and after HAART failure.
Although all three study populations had impaired functions
compared with controls, it was obvious that the better the
immunological status of the patients and the greater the
decrease of viral load, the better were the functions of mono-
cytes and of neutrophils. This conclusion was based on (a)
the better oxidative burst of monocytes and of neutrophils of
patients with HAART achieving higher increases of CD4 cell
counts; (b) the better functions of both monocytes and of
neutrophils among patients who were treatment-naive com-
pared with those who failed HAART; and (c) the negative
correlation between decreases of viral load and the function
of monocytes and neutrophils. The impact of effective man-
agement of HIV infection, reflected by the absolute CD4 cell
count and the viral load, on the function of phagocytosis and
oxidative burst is in agreement with a previous report by
Mastroianni et al. [18], suggesting functional improvement
of neutrophils and monocytes against C. albicans, in HIV-1
patients treated with HAART.

The low degree of phagocytosis by neutrophils and mono-
cytes suggests a defect in the initial phase of phagocytosis, i.e.
opsonization of microorganism, binding of opsonized and
non-opsonized microorganisms to phagocyte receptors and
formation of the phagosome via F-actin-dependent cytosk-
eletal changes [19]. Abnormalities in the recognition of the
microorganism by the phagocyte receptors and the intracel-
lular signalling by those receptors might be responsible for

© 2011 The Authors

our findings. Kedzierska et al. suggested that HIV causes
defects in phagocytosis by interfering with intracellular sig-
nalling of Fc-gamma receptors rather than interfering with
the expression of phagocyte receptors or the binding of these
receptors to their ligands [20,21]. Two studies also suggest
that formation of the phagosome is defective among HIV-
positive patients [22,23]; this may be mediated through
impaired recycling of endosomal compartment membranes
[22].

The following limitations of the present study should be
acknowledged: (a) the lack of report on the mechanisms of
failure of oxidative burst and of phagocytosis potential of
HIV-1-infected patients; (b) the lack of follow-up of these
patients over time; and (c) the lack of study of the ability of
neutrophils to contain infections by extracellular pathogens.

In conclusion, innate immunity defects appear to be
present in HIV-positive patients with regard to phagocytic
activity and oxidative burst of monocytes and of
neutrophils. These defects are influenced greatly by the level
of management of HIV-positive patients with emphasis on
CD#4 cell counts and viral load.
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