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SUMMARY

Neutrophils represent an important line of innate host defence against invading microorganisms and
their functional detriment during HIV infection, including accelerated spontaneous cell death, has been
shown to contribute to AIDS development. Neutrophils are susceptible to apoptosis via Fas and an
interaction between Fas and FasL was suggested originally as a mechanism to explain constitutive neu-
trophil apoptosis. We have explored some intracellular pathways leading to PMN apoptosis from 28
HIV-infected patients and 24 healthy volunteers. As previously reported, accelerated spontaneous apo-
ptosis was observed in HIV+ patients, but this did not correlate with viral load. Furthermore, an
increase in the level of spontaneous apoptosis was detected in neutrophils from HIV-infected patients
following inhibition of ERK, suggesting an impairment of this kinase pathway during the early stages
of infection which may contribute to PMN dysfunction. An elevated susceptibility to undergo apoptosis
was observed following cross-linking of Fas, which correlated both with viral load and co-expression of
Fas/FasL surface molecules. Different mechanisms for spontaneous and Fas-induced apoptosis are pro-
posed which together contribute to the neutropenia and secondary infections observed during the pro-
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gression to AIDS.
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INTRODUCTION

During the immune response against viral infections, both specific
and innate defence mechanisms are engaged sequentially in order
to prevent disease progression [1]. Human neutrophils constitute
an important line of innate host defence against invading micro-
organisms and the functional detriment of neutrophils during
HIV infection, including their accelerated spontaneous cell death,
has been demonstrated to contribute to AIDS development [2-5].

Neutrophils in the circulation have a life span of several hours,
after which time they enter the spleen and liver and eventually die
by apoptosis, or programmed cell death. Once neutrophils are
recruited to this process, they are non-functional and lose the abil-
ity to move by chemotaxis, generate a respiratory burst or degran-
ulate [6,7]. Conversely, during inflammation, neutrophils released
from the bone marrow migrate rapidly from the blood to areas of
acute inflammation, where they function as phagocytic cells and
have the potential to cause tissue damage as a consequence of
their high oxidative and proteolytic activity. In order to resolve
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inflammation, these cells should then be removed from the site of
injury by apoptosis, a process to which neutrophils are constitu-
tively programmed, so limiting their proinflammatory potential
[8,9].

A number of in vitro studies have demonstrated that several
factors can accelerate or suppress neutrophil apoptosis, including
inflammatory cytokines which delay apoptosis and the tumour
necrosis factor (TNF) family of pro-apoptotic proteins [10-12].
The CD95/Fas/Apol receptor is a 45 kDa transmembrane protein
member of the TNF/nerve growth factor receptor superfamily
[13]. The receptor mediates apoptosis when triggered by agonistic
antibodies or its cognate oligomerizing ligand, Fas ligand (FasL),
a type II transmembrane protein with a mass of 40 kDa,
expressed on cell membranes or in soluble form. FasL also
belongs to the TNF family and its related cytokines [12,14].

Neutrophils are susceptible to Fas-induced apoptosis [15-17]
and an interaction between Fas and FasL was suggested originally
to represent a mechanism to explain constitutive neutrophil apo-
ptosis [16], although this theory has been opposed by others [18].
Neutrophils express significant levels of Fas [16,17] and there are
some reports about expression of FasL on their surface [16,19].

The intracellular signalling pathway leading to granulocyte
apoptosis, engaged through Fas/FasL, is not understood clearly.
The mechanism of apoptosis induction is related closely to the
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cascade of cysteine proteases known as caspases, which represent
a group of enzymes responsible for the initiation and execution of
apoptosis [20], and the Bcl-2 family of proteins, which are internal
key regulators of cell fate [21,22].

Another remarkable component to be considered in this
study is the MAPK pathway, important mediators of survival and
cell death signals. MAPKSs are extracellular signal-regulated pro-
tein kinases that are influenced by many types of cell surface
receptors. A common feature of all MAPK isoforms is the phos-
phorylation of both threonine (Thr) and tyrosine (Tyr) residues.
Once activated, MAPKs are phosphorylated and activate other
kinases or nuclear proteins, such as transcription factors, in either
the cytoplasm or the nucleus. Phosphorylation of proteins, includ-
ing activation of MAPK, may thus be important in controlling the
activation of the various neutrophil processes required for their
function in host defence but it may also be important in the path-
ways regulating neutrophil cell death and survival. Supporting
evidence (generally via detection of the active forms of these
kinases, using antibodies that detect only the phosphorylated pro-
teins in Western blots) for the involvment of p42/44 extracellular
signal-related protein kinase (ERK), p38 MAPK and c-Jun N-
terminal kinase/stress-activated MAPK (JNK) in neutrophil apo-
ptosis has been reported [6]. The functional role of these enzymes
can be studied by using inhibitors; for instance, PD98059 inhibits
MEK, a kinase whose substrate is ERK, thereby preventing the
phosphorylation and activation of the ERK kinase [23], and
SB203580 which is used to inhibit p38MAPK [24].

We have explored some intracellular pathways leading to con-
stitutive and Fas-mediated apoptosis in neutrophils from HIV-
infected patients. As reported previously, accelerated spontane-
ous apoptosis was observed in PMNs from HIV+ patients, but this
did not correlate with viral load. A further increase in spontane-
ous apoptosis was detected in neutrophils from HIV-infected
patients following inhibition of ERK activity, suggesting an
impairment of this pathway during the early stages of infection
which may contribute to PMN dysfunction and disease progres-
sion. Additionally, an elevated susceptibility to undergo apoptosis
was observed in PMNs from these patients following cross-linking
of Fas with a specific anti-Fas antibody; this Fas-induced increased
level of apoptosis correlated with viral load. The mechanisms of
spontaneous and Fas-induced apoptosis during HIV infection
seem to be different, although a simultaneous occurrence cannot
be excluded, and together they may contribute to the neutropenia
and secondary infections observed during progression to AIDS.

MATERIALS AND METHODS

Media and reagents

Complete media consisted of RPMI-1640 supplemented with
2 mM L-glutamine, 10% fetal calf serum (FCS), 100 U/ml penicil-
lin and 100 mg/ml streptomycin; all reagents were purchased from
GIBCO Life Technologies, Inc (Paisley, UK). Mouse antihuman
Fas MoAb (Clone DX2) FITC-conjugated, mouse antihuman
FasL MoAb (NOK-1) biotin-conjugated, propidium iodide (PI),
were purchased from PharMingen, San Diego, CA, USA. Phorbol
12-myristate 13-acetate (PMA), streptavidin-PE, PD98059 (ERK
MAPK inhibitor) and SB202190 (p38 MAPK inhibitor), were
purchased from Calbiochem, San Diego, CA, USA. Anti-p38,
anti-ERK, antiphospho-p38, antiphospho-ERK and annexin V
kit, were purchased from Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA. Mouse IgG1 FITC-conjugated, PE and PerCp

and TriTest (anti-CD4, anti-CD8, anti-CD3), were purchased
from Becton Dickinson, San Jose, CA, USA. The monoclonal
antibody IgM Anti-Fas (CH-11) was purchased from Upstate Bio-
technology Inc., Lake Placid, NY, USA.

Human blood samples

Peripheral blood samples were obtained from 24 controls and 28
HIV-positive patients. The diagnosis of HIV infection was estab-
lished by enzyme-linked immunosorbent assay (ELISA) and
Western blot (Organon Teknika, Durham, NC, USA). The viral
load was established by Amplicor Kit (Roche Diagnostics Corpo-
ration, Indianapolis, IN, USA). Disease classification was accord-
ing to the Centers for Disease Control (CDC) criteria. All
patients had 200 or more CD4* cells/mm® (840 cells/mm” + 366
s.d.), with a viraemia of 133 801 £ 201 695 s.d. HIV-1 RNA copies/
ml. The mean ages in years (£s.d.) of the study subjects were as
follows: 35 £ 10 for the control group and 32 = 9 for the HIV+
patients. The experimental protocol was approved by the ethics
committee of the University of Los Andes, and written informed
consent was obtained from all the subjects.

Isolation of PMNs

Citrated venous blood was mixed with 6% dextran solution (mol
wt 500 000) and incubated at room temperature for 30 min. The
leukocyte-enriched supernant was collected, diluted with RPMI-
1640 and layered onto Ficoll-Hypaque (1077, Sigma, St Louis,
MO, USA). After density gradient centrifugation at 400 g for
30 min, PMNs were obtained from the bottom. The red blood
cells contained in PMN pellets were lysed by hypotonic lysis using
cold distilled water. This procedure resulted consistently in a
highly purified polymorphonuclear cell population (98%), as
visualized with acridine orange. Purified polymorphonuclear cells
(98% viable by trypan blue exclusion) were resuspended at
2 x 10° cells/ml in RPMI-1640 supplemented with 10% fetal calf
serum (FCS), 100 U/ml penicillin and 100 mg/ml streptomycin.

Flow cytometry analysis of surface molecules

To analyse Fas expression, isolated PMNs were incubated with or
without 100 ng/ml of PMA at 37°C for a time—course experiment,
starting from 15 min up to 60 min. A steady expression of the
marker was observed at 60 min. After incubation, cells were
washed twice with cold phosphaye buffered saline (PBS) and
stained with a monoclonal anti-Fas FITC-conjugated antibody
for 30 min at 4°C, washed twice with cold PBS-EDTA and fixed
in a PBS solution containing 1% paraformaldehyde for 10 min at
room temperature. Cell surface expression of FasL was assessed
by indirect immunofluorescense flow cytometry. In brief, primary
staining was performed by incubating PMA-treated or untreated
cells with a monoclonal anti-FasL biotin-conjugated antibody, in
a solution containing 1% bovine serum albumin (BSA) for
30 min at 4°C. Cells were washed twice with cold PBS-EDTA
and incubated with streptavidin-PE for 30 min at 4°C, then
washed twice with PBS-EDTA and fixed with 1% paraformalde-
hyde in PBS.

PMNs were analysed by three-colour flow cytometry using a
FACSort (Beckton Dickinson, San José, CA, USA), following the
manufacturer’s instructions. Gating criteria used to identify the
cell population were based on the forward scatter and Fas- or
FasL-positive fluorescence parameters. Evaluation of expression
was assessed by looking at the relative number of positive cells
and the mean fluorescence intensity (MFI), estimated from the

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 137:166—172



168 S. Salmen et al.

mean channel numbers of Fas and FasL. Isotype control antibod-
ies were used to separate positive and negative cells on FITC and
PE channels. A minimum of 10 000 events were collected for each
analysis.

Analysis of spontaneous and induced cell death

Apoptosis was measured in cells cultured in complete media for
different times. To induce apoptosis via Fas, neutrophils were
resuspended at 2 x 10° cells/ml in complete media and plated on a
48-well tissue culture plate, to which 200 ng/ml of anti-Fas anti-
body was added. Cells were incubated at 37°C and placed in a 5%
CO, incubator for 4 h [25]. Both untreated and anti-Fas treated
cells were cultured with or without ERK or p38 MAPK inhibitors
during the total incubation time.

DNA cytometric analysis

DNA analysis was performed by using flow cytometry. Briefly,
after culture cells were harvested, washed in PBS containing 1%
BSA, fixed with 1% paraformaldehyde for 10 min at room tem-
perature and permeabilized for 30 min with 0-05% of saponin in
PBS/0-1% BSA. After centrifugation cells were resuspended in
PBS-EDTA containing 10 ug/ml bovine RNAse and incubated
for 15 min at 37°C. Finally, 10 ug/ml of propidium iodide was
added to the mixture. The percentage of the hypodiploid DNA
(% apoptosis) in the pre-G(/G, phase of the cell cycle was mea-
sured by FACSort flow cytometry (Becton-Dickinson Immunocy-
tometry Systems, Mountain View, CA, USA)

Determination of apoptosis using annexin V

The annexin V-FITC staining procedure was conducted according
to the manufacturer’s instructions. Briefly, treated and untreated
cells were collected by low-speed centrifugation, washed twice
with cold PBS and resuspended in assay buffer at a concentration
of 1x10° cells/ml. From these suspensions, 100 ul aliquots were
incubated with 1 ug of annexin V-FITC and 10 ug of propidium
iodide for 15 min at room temperature and analysed immediately
by flow cytometry.

Protein immunoblotting

PMNs (30 x 10° cells/ml) were lysed in buffer A containing
S50 mM TrisCl, pH S8, 1% Triton X-100, 150 mM NaCl, 1 mMm
EDTA, 1 mM PMSF, 1 ug/ml leupeptin/aprotinin and 1 mMm
sodium orthovanadate and incubated on ice for 15 min; lysates
were clarified by centrifugation at 14 000 g for 10 min at 4°C.
Supernatants containing equivalent amounts of protein (Brad-
ford, Bio-Rad), were mixed in sample buffer, heated in a boiling
water bath for 3 min, separated by electrophoresis on 10%
sodium dodecyl sulphate (SDS) polyacrylamide gels, transferred
to poly(vinylidene difluoride) membranes (Millipore, Bedford,
MA, USA) and probed with different antibodies: anti-ERK,
antiphospho-ERK, antip38 and antiphospho-p38. The antibody-
labelled protein bands were detected by enhanced chemilumine-
scense (SuperSignal, Pierce, Rockford, IL, USA).

Statistical analysis

The significance of differences between spontaneous or induced
apoptosis and Fas/FasL expression in PMNs from healthy controls
and HIV-infected patients was calculated by Student’s ¢-test. Cor-
relations between spontaneous or Fas-induced apoptosis and
CD4%/CDS8" counts, viral load and Fas/FasL expression were anal-
ysed by linear regression. The effects of anti-Fas and MAPK

inhibitors on neutrophil apoptosis from controls and HIV-
infected patients were analysed by the paired -test. In all cases,
P < 0-05 was considered statistically significant.

RESULTS

Fas/FasL expression in PMNs from controls and HIV+ patients
It has been reported that Fas molecules are expressed constitu-
tively on the surface of many cells, including PMNs [16,26], but
that its ligand is expressed at very low levels [27,28]. To determine
whether the previously observed increase in apoptosis was sec-
ondary to engagement of the Fas/FasL death receptor pathway,
we first evaluated expression of both markers in resting and
PMA-stimulated neutrophils. High constitutive levels of Fas were
detected on PMNs from all studied individuals (patients and con-
trols). A remarkable down-regulation of Fas molecule expression
was observed on PMNs from both controls and HIV+ patients
after 15 min incubation with PMA, but levels partially recovered
by 60 min incubation time. No differences were observed in both
Fas percentage and density expression when comparing HIV+
patients with healthy donors (Fig. 1a).

In contrast, FasL. was expressed at low concentrations in
unstimulated PMNs from both groups of subjects (Fig. 1b). A
noticeable PMA-induced increase in FasL expression was
observed in PMNs from HIV+ patients, demonstrating a statisti-
cally significant difference in comparison with the healthy donors
(P <0-05) (Fig.1b). Analysis of co-expression of Fas and FasL
showed that both molecules were simultaneously present on neu-
trophils from HIV+ patients (P < 0-05) (Fig. 1c).

Detection of spontaneous and Fas-induced apoptosis in
neutrophils from HIV+ patients

Propidium iodide and annexin V staining were used to determine
DNA fragmentation and phosphatidylserine exposure, respec-
tively, both characteristics of apoptosis. It has been published that
apoptosis of PMNs can be induced through the interaction of Fas
with its receptor FasL, or by the activation of Fas after cross-link-
ing with an anti-Fas antibody [16,29]. To determine whether such
an event might be influenced by HIV infection, neutrophil sus-
pensions, isolated from controls and HIV+ patients, were cultured
in complete media (RPMI-1640,10% FCS) and left either unstim-
ulated or stimulated with anti-Fas IgM (CH-11) at 200 ng/ml final
concentration. Following a time—course experiment, apoptosis
values were detected at 1,4 and 6 h. Apoptosis levels detected at
6 h were higher than those observed at 4 h but the differences in
apoptosis levels between patients and controls were equivalent at
the different time-points, as an increase in apoptosis in cells from
the control group was also detected (data not shown). As
reported previously, neutrophils from HIV-positive patients
showed increased constitutive DNA fragmentation, evidenced by
propidium iodide staining (Fig. 2a) as well as by annexin V label-
ling (data not shown), compared with control individuals
(P <0-05) [5,30], which did not correlate with viral load (r = 0-05;
P=0%).

As illustrated in Fig. 2a,b, an increase in the level of apoptotic
neutrophils from HIV+ patients, stimulated by cross-linking of
Fas, was observed (P < 0-05). A statistically significant correlation
was observed between Fas-induced apoptosis and viral load
(r=0-99; P <0-03) in this group of patients. A positive correlation
between Fas-induced apoptosis and co-expression of Fas/FasL
molecules was also demonstrated (r = 0-78; P < 0-01)
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Fig. 1. Expression of Fas/FasL molecules on the surface of PMNs from
HIV-positive patients and a control group. (a) Fas expression at two
different times following incubation with PMA. Fas expression had
dropped at 15 min and partially recovered by 60 min. No differences
in expression were apparent between the two groups studied. (b)
Mean fluorescence intensity of FasL expression on resting and PMA-
stimulated PMNs from the control group and HIV+ patients (7 £0-6
versus 9-1%2-1 resting; 23 +3-3 versus 40 £15-3 stimulated, confidence
intervals, respectively). *Significant differences between the mean val-
ues of FasL fluorescence intensity on PMNs from HIV-positive patients
compared with the control group. (c) Confidence intervals of Fas/FasL
co-expression on resting PMNs from the control group and HIV+
patients. *Significant differences between Fas/FasL expression in HIV
positive patients compared with the control group, analysed by
Student’s -test.
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Fig. 2. Spontaneous and Fas-induced apoptosis in PMNs from HIV posi-
tive patients and controls. Apoptosis was determined by propidium iodide
staining of hypodiploid DNA and analysed by flow cytometry, cell death
was measured at 4 h. (a) Confidence intervals for the levels of constitutive
and Fas-induced apoptosis, expressed as a percentage, are shown. *Signif-
icant differences between the mean values of apoptosis in the control
group compared to the mean values in the HIV-positive patients. (b)
Confidence intervals for the differences in apoptosis before and after
incubation with CH11 antibody. A paired t-test was used to analyse the
ability of Fas ligation to induce apoptosis, both in HIV-infected patients
and the control group.

Role of the MAP kinase pathway in spontaneous and
Fas-induced apoptosis in PMNs from HIV+ patients

There has been much interest in the role of ERK and p38 MAPK
in the regulation of neutrophil survival and apoptosis, as MAPKs
play a significant role in controlling the cell death machinery [11].
In order to explore the possible involvement of this pathway in
the above described results, PMNs from healthy donors (n = 8)
and asymptomatic HIV+ patients (n = 10) were treated with spe-
cific kinase inhibitors to block the activity of p38 (SB203580) and
ERK (PD98059) in a time—course experiment. We observed that
blocking ERK activity for 4 h, with PD98059 at a concentration of
50 uM, induced a considerable increase in the level of spontane-
ous apoptosis in PMNs within asymptomatic HIV+ patients
(P <0-01) (Fig. 3). Inactivation of ERK was confirmed by immu-
noblotting experiments (Fig. 4). On the other hand, blocking p38
activity (10 um 8EB203580) for 4 h did not result in any significant
change in the level of neutrophil death (data not shown). The
effects of inhibiting ERK and p38 activity were also tested fol-
lowing cross-linking with anti-Fas antibody, and no significant
changes were observed (data not shown).

DISCUSSION

During HIV infection a gradual depletion and impairment of
CD4 T lymphocytes [31], monocytes—-macrophages [32], as well as
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Fig. 3. Effects of an ERK inhibitor on constitutive apoptosis in PMNs
from HIV-positive patients and controls. Mean values of apoptosis in
untreated and treated neutrophils are shown. Cells were incubated with
50 um of PD98059, a specific ERK inhibitor, for 4 h. A paired t-test was
used to analyse the effect of inhibiting ERK activity on apoptosis in neu-
trophils from asymptomatic infected HIV+ patients and healthy donors.
*Significant differences within the studied groups.
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Fig. 4. Inactivation of ERK by the PD98059 inhibitor. Cell lysates from
treated and untreated PMNs were separated in 10% SDS-polyacrylamide
gel, transferred to poly(vinylidene difluoride) and probed with an
antiphospho-ERK antibody (top). Membranes were stripped and re-
proved with an anti-ERK antibody (bottom) to show the amount of ERK
protein. Lanes 1 and 3 are lysates from untreated and treated control
neutrophils, respectively. Lanes 2 and 4 are cell lysates from untreated and
treated neutrophils from HIV infected patients, respectively.

polymorphonuclear leucocytes [4], has been broadly demon-
strated. One of the most important mechanisms to account for
this cellular dysfunction and detriment during HIV infection is
apoptosis [33,34], a process of non-inflammatory cell death, in
which many elements such as death receptors and their ligands
are involved [35].

We have explored both spontaneous and Fas-induced apop-
tosis in neutrophils from asymptomatic HIV-infected patients. As
published previously [5,30], an increase in spontaneous apoptosis,
starting 4 h after incubation, was demonstrated in neutrophils
from HIV-infected patients, and this increase was not correlated
with the viral load [30]. The underlying mechanism of this spon-
taneous accelerated apoptosis remains unknown.

Given the fact that neutrophils must be removed to resolve
inflammatory reactions, it is probable that these cells undergo a
process of self-suicide [16]. A mechanism that could explain such
an event may be the simultaneous expression of Fas and FasL on
their surface. In contrast to the wide tissue distribution of Fas mol-
ecules, constitutive expression of FasL is relatively limited. There
are controversial reports about FasL expression on the surface of
neutrophils; meanwhile, it is widely accepted that the Fas molecule

is expressed constitutively on this cell type [16,27], suggesting a
physiological role for this pathway in the neutrophil’s life cycle.

Accelerated cell death in HIV-infected patients may be a con-
sequence of elevated or deregulated expression of death recep-
tors such as Fas/FasL. To explore this possibility we measured the
surface expression of these molecules on resting and PMA-
stimulated neutrophils. We did not find differences in either Fas
receptor density or numbers of Fas-positive cells when comparing
controls and asymptomatic HIV+ patients; however, elevated
expression levels of FasL were demonstrated in PMA-stimulated
neutrophils from HIV+ patients (P < 0-05). Both molecules (Fas
and FasL) were shown to be co-expressed in resting neutrophils
from HIV+ patients (P < 0-05). Taken together with the fact that
the immune system of HIV+ patients is in a state of chronic acti-
vation, the co-expression of Fas and FasL in stimulated neutro-
phils from HIV+ patients suggests a mechanism whereby ensuing
engagement of Fas and FasL on the cell surface initiates an auto-
crine accelerated cell death pathway.

To investigate further the significance of Fas/FasL expression,
we used a specific monoclonal anti-Fas IgM antibody (CH-11) to
induce apoptosis by Fas cross-linking. Purified neutrophils from
asymptomatic HIV-positive patients showed an increase in Fas-
induced-apoptosis after 4 h of incubation (Fig. 2a,b) which corre-
lated with viral load. A positive correlation between Fas-induced
apoptosis and co-expression of Fas/FasL. molecules on resting
PMNs was also demonstrated (r = 0-78; P < 0-01).

T cells from HIV-infected patients exhibit both increased Fas
receptor expression and enhanced susceptibility to Fas-mediated
cell death [36-38]. Importantly, only a minor fraction of apoptotic
lymphocytes are physically infected by HIV, indicating that the
enhanced apoptosis of lymphocytes seen in infected people could
result from mechanisms other than direct infection [34]. There-
fore, inflammatory non-HIV-infected cells such as neutrophils,
which are recruited immediately to the site of inflammation, may
be affected indirectly by viral proteins [39,40] and undergo apo-
ptosis, thereby contributing to the risk of secondary infections. It
is not clear why neutrophils from HIV-infected patients may have
an increased susceptibility to undergo apoptosis via Fas. Neutro-
phils are not known to be infected by HIV but these, as other
bystander cells, may be the target of HIV proteins, which are
secreted by infected cells and could enhance their susceptibility to
Fas-induced apoptosis [41,42]. Our data about a positive correla-
tion between Fas-induced apoptosis and viral load suggest that
the virus may manipulate the apoptotic machinery in these cells,
which could explain the neutropenia observed during AIDS. Fur-
thermore, it has been reported that incubation of the cell line
HL60 (neutrophil, promyelocytic leukaemia) with purified Nef
induces apoptosis [40]. A further study to explore the Fas death
receptor pathway, including apoptotic and anti-apoptotic sub-
strates (PI3K, ROS, Bcl-2 family, caspase activity and MAPK sig-
nal transduction) may help to understand the mechanism of
neutrophil death during HIV infection.

Previously, sustained phosphorylation and activation of p38-
MAPK has been observed during the programme of spontaneous
apoptosis in normal neutrophils [11,43]. Signalling throughout the
MAPK cascade has been studied, in part, by incubating living
cells with specific kinase inhibitors. Using this approach, we
showed that constitutive apoptosis is increased following inhibi-
tion of ERK activity in PMNs from HIV-infected patients, sug-
gesting that the ERK pathway may be affected indirectly in PMNs
from HIV-infected patients, thereby resulting in an imbalance of
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apoptosis/survival signals in these cells. Our results also showed
that ERK activity does not seem to be involved in Fas-induced
apoptosis during HIV infection.

There are some contradictions about the role of MAPK in
neutrophil apoptosis, thus a role for p3SMAPK in constitutive
apoptosis has been shown by using kinase inhibitors and antisense
technology [43]; however, this finding has not been confirmed in
other reports, which suggests instead that p38MAPK contributes
to neutrophil survival [44]. We have failed to show any involve-
ment of p38MAPK, although this result may be difficult to
explain and one could expect an increase in the activity of this
kinase to explain the elevated apoptosis levels seen in HIV-
infected patients; however, the role of p38, ERK and JNK kinases
in neutrophil apoptosis and survival is complex and not com-
pletely understood. Further studies to investigate the significance
of these observations are required.

It is important to mention that regulation of the MAPK path-
way also involves the dynamic interplay between kinases and
phosphatases. Because kinase-mediated protein phosphorylation
is utilized in every aspect of cellular function, the requirement
that the extent and amplitude of this action be tightly controlled
is essential. Recent studies have demonstrated the importance of
phosphatase participation in such essential regulatory processes
[45].

Another important survival signal to be considered within the
hallmark of neutrophil cell death is that dependent on survival
factors, the participation of which may also modulate apoptosis in
granulocytes. It has been demonstrated that granulocyte colony
stimulation factor (G-CSF) suppresses apoptosis by promoting
cell survival and that incubation of neutrophils with G-CSF can
reverse the accelerated constitutive apoptosis observed during
HIV infection [S]. Additionally, nerve growth factor (NGF), a
neurotrophic polypeptide, has been shown to enhance survival,
phagocytosis and superoxide production of murine neutrophils
[46]. Therefore, lack or deficiency of any of these survival factors
as a consequence of HIV infection may contribute to accelerated
apoptosis in this and other cell types, such as B cells, where low
levels of NGF may be associated with the death of memory B lym-
phocytes in HIV-1 infection [47].

Finally, the mechanisms of spontaneous and Fas-induced apo-
ptosis seem to be different but a simultaneous occurrence cannot
be excluded, and together they may contribute to the neutrope-
nia and neutrophil dysfunction observed during progression to
AIDS.
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