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Low frequency of plasma nerve-growth factor detection is associated with death
of memory B lymphocytes in HIV-1 infection
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SUMMARY

Nerve growth factor (NGF) regulates B cell activation and differentiation and is an autocrine survival
factor for memory B lymphocytes. We have reported recently that the number of memory B cells is
reduced during HIV-1 infection. In this study we evaluated whether alteration in the NGF supply was
involved in memory B cell loss in HIV-1-infected subjects. High rate of cell death in vitro was observed
in memory B cells from HIV-1-infected individuals compared to uninfected donors (26-2 +2-5% versus
79+ 1-4%, P <0-001). The increased expression of Fas on memory B cells from infected subjects did not
enhance the susceptibility of the cells to Fas-mediated apoptosis in vitro. The frequency of NGF detec-
tion in plasma from HIV-1-infected subjects was significantly lower than in healthy donors (33-:6% ver-
sus 63:6%, P <0-001). Also, the median plasma NGF in HIV-1-infected individuals was significantly
lower than in uninfected controls (5 versus 14 pg/ml, respectively, P < 0-01). Interestingly, the plasma
NGF level was correlated directly 1to the percentage of memory B cells (P < 0-05). HIV-1-infected sub-
jects with a low number of peripheral memory B cells had a reduced incidence of plasmatic NGF (7-4%)
compared to patients with a normal level of memory B cells (37%, P < 0-01). Moreover, the addition of
recombinant NGF (1 ug/ml) to cultures of purified B cells reduced cell death of memory B cells from
HIV-1-infected subjects from 24-04 £3:0% to 17-4 £1-:3% (P <0-01). HIV-1-infected individuals also
carried higher levels of natural anti-NGF autoantibodies compared to uninfected subjects. In conclu-
sion, we found that memory B cells from HIV-1-infected individuals are primed for cell death. Our
study suggests an association between low frequency of plasma NGF detection and the increased cell
death of memory B lymphocytes observed during HIV-1 infection. Low levels of NGF in plasma may

be due to reduced supply or to NGF binding to natural anti-NGF autoantibodies.
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INTRODUCTION

The nerve growth factor (NGF) is a neurotrophic factor regulat-
ing survival and development of cells in the nervous system [1].
Numerous studies have demonstrated that NGF exerts a biolog-
ical function also on cells of the immune system. Besides its
effects on regulation of inflammatory and allergic responses [2],
the NGF regulates B cell function. Human B lymphocytes prolif-
erate and differentiate into IgM and IgA secreting cells in the
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presence of NGF [3]. Furthermore, NGF enhances IgG4 produc-
tion by tonsillar mononuclear cells and augments proliferation of
tonsillar B cells [4,5]. Conversely, NGF was shown to inhibit IL-4-
induced IgE secretion by human perpiheral blood mononuclear
cells (PBMC) [6]. Such diverse effects of NGF have also been
observed in human transformed B-lymphoblastoid and plasma
cell lines. NGF was found to stimulate immunoglobulins (Ig) pro-
duction by certain B-lymphoblastoid cell lines [7], whereas other
human B cell lines and plasma cell lines responded to NGF treat-
ment by reducing spontaneous secretion of Ig [8,9].

Among lymphocytes, only B cells express both the low affinity
(p75~%™®) and the high affinity (p140"™*) NGF receptors [5,10].
Both resting and activated B cells have been shown to secrete
NGF in culture [10,11]. Torcia and co-workers [10] have reported
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that NGF is an autocrine survival factor for memory B cells and
we have shown that neutralization of NGF reduces IgG produc-
tion by CD40-activated memory B cells isolated from healthy
donors [12]. Also, human CD4* T cell clones have been shown to
produce NGF, further suggesting the immunomodulatory func-
tion of NGF [13].

Polyclonal B cell activation is a major immunological dysfunc-
tion observed in subjects infected with HIV-1 [14,15]. B cells from
HIV-1-infected patients are, however, unresponsive to mitogen
and antigen stimulation in vitro [14,15] and poorly responsive to
in vivo immunizations [16-18]. B lymphocytes from HIV-1-
infected individuals were shown to be primed for apoptosis and to
up-regulate Fas ligand (FasL) expression [19]. We have reported
recently that peripheral memory B lymphocytes are reduced in
HIV-1-infected subjects and suggested that memory B cells could
undergo cell death through up-regulation of Fas [20]. Recently, a
study by Pica and colleagues have reported high level of NGF in
serum from seven patients with AIDS-associated Kaposi’s
sarcoma (AIDS-KS) [21]. In the present study we investigated
whether memory B cells from HIV-1-infected individuals are
susceptible to apoptosis. Also, as NGF acts as survival factor for
memory B cells, we analysed whether an alteration in plasma
NGF levels was related to loss of memory B cells in HIV-1
infection.

METHODS

Patients

A total of 131 HIV-1-infected and 108 uninfected subjects of sim-
ilar age were included in the study. All patients gave informed
consent and the study was approved by the ethical committee of
Huddinge University Hospital (DNR 370/95). According to avail-
ability of different biological samples, the analysis of NGF plasma
levels, B cell apoptosis and phenotyping of peripheral B lympho-
cytes was performed on smaller groups of patients, as indicated
below. Patients’ subgroups did not differ in terms of treatment
status, CD4 counts or CDC stage. The median CD4" T cell count
among the patient population was 320 cells/ul (range 16-869).
One hundred subjects were undergoing antiretroviral treatment
while 31 patients were drug-naive. According to the CDC classi-
fication 40 patients had clinical manifestations of AIDS (CDC A3,
B3, C) while 50 patients were in CDC stage A and 41 patients in
stage B.

Cell culture

PBMC and plasma samples were obtained as reported previously
[20]. Total B lymphocytes were obtained by positive selection
using CD19 magnetic microbeads (Miltenyi Biotec, Germany).
Spontaneous cell death of naive and memory B cells was mea-
sured in purified B cells cultured overnight in RPMI medium. For
susceptibility of purified B cells to Fas-induced apoptosis the ago-
nistic anti-Fas MoAb clone CH11 (MBL, Nagoya, Japan) and an
isotype mouse IgM were used at a concentration of 1 ug/ml.
Mouse recombinant NGF was purchased from Promega
(Madison, WI, USA).

Flow cytometry

Phenotyping of B cells was performed on PBMC from 66 HIV-
l-infected and 51 uninfected subjects, as already reported [20].
Two- or three-colour flow cytometry was used on freshly iso-
lated PBMC with the following MoAbs conjugated with floures-

cein isothiocyanate (FITC), phycoerythrin (PE) or RPE-CysS:
CD19-RPECyS5, Fas-FITC (Dako, Denmark), and CD27-PE
(Pharmingen, San Diego, CA, USA), and Fas ligand (FasL)-
FITC (Alexis Corporation, San Diego, CA, USA). Isotype
matched FITC, PE and RPECy5 conjugated mouse antibodies
(Dako) were used as negative controls for unspecific staining.
The percentage of memory B lymphocytes was calculated as
percentage of CD27* cells on the gate of CD19" B cells [19].
Quantification of cell death in cultures of purified B lympho-
cytes was performed after overnight culturing by staining with
anti-CD27-PE MoAb and Annexin-V-FITC (Pharmingen, San
Diego, CA, USA). Annexin-V binds selectively to phosphati-
dylserine residues exposed on the outer membrane of apoptotic
cells and represents a valuable tool for quantification of apopto-
sis in cultured lymphocytes [22].

Quantification of plasma NGF

The amount of plasma NGF was measured in 107 HIV-1-infected
and 77 uninfected subjects by sandwich ELISA following the
manufacture recommendations (Boehringer Mannheim, Ger-
many). Briefly, 96-well microplates were coated with 50 ul of
0-4 ug/ml anti-NGF MoAbD 27/21 in coating buffer (Sodium Car-
bonate 0-05 M, pH 9:0) overnight at room temperature (RT). The
plates were blocked with 0-5% bovine serum albumin (BSA) in
coating buffer for 2 h at RT. Recombinant NGF and plasma sam-
ples diluted 1:2 in sample solution (50 mM Tris-HCI, 200 mM
NaCl, 10 mm CaCl,, 1% BSA, 0-1%Triton X-100, 0-05% NaNj,
pH 7-0) were added in triplicate wells and incubated overnight at
RT. Anti-NGF MoAb 21/27 conjugated with p-galactosidase in
sample solution was added at a concentration of 80 mU/ml for 2 h
at 37°C. One hundred ul of chlorophenol red--d-galactopyrano-
side (2 mg/ml) diluted in substrate solution (100 mMm Hepes,
150 mM NaCl, 2 mMm MgCl,, 1% BSA, 0-1% NaNj3, pH 7-0) were
added and incubated at 37°C for 2 h. The absorbance was mea-
sured at 540 nm. Reconstitution experiments were performed on
10 samples by adding known amounts of recombinant NGF to
plasma samples in order to check for the sensitivity and repro-
ducibility of the assay. The detection limit of the ELISA was
10 pg/ml and samples with NGF below the threshold were con-
sidered negative (arbitrary value of 5 pg/ml). Moreover, analysis
of plasma and serum samples taken from the same subject was
performed on 10 healthy individuals. NGF levels in plasma and
serum samples from the same individuals were similar, with a
variability coefficient of 20%.

Detection of anti-NGF antibodies

Recombinant NGF was diluted to 2-5 pug/ml in 0-05 M sodium
carbonate, pH 9-0. Microtitre Maxisorp plates (Nunc, Denmark)
were coated with 100 ul/well at RT for 2 h. Blocking was per-
formed with 100 ul phosphate-buffered saline (PBS) containing
1% BSA for 1 h at RT. Plates were washed three times with PBS,
0-1% Tween-20. Plasma samples were diluted 1 : 100 in PBS con-
taining 0-5% gelatin, 0-1% Tween-20 and 100 ul were applied in
duplicate wells and incubated for 2 h at RT. After three washes,
rabbit antihuman total Igs HRP-conjugated (Dako) was diluted
1:6000 and incubated for 1 h at RT. Plates were washed five times
and 100 ul of tetramethylbenzidine solution were added to each
well and incubated for 30 min at RT. The reaction was stopped
with 1-8 M H,SO, and the optical densities were recorded at
450 nm. OD values for samples were obtained after subtracting
the background absorbance.
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Statistical analysis

Statistical analysis was performed with the softwares Prophet 6-0
(AbTech Corporation, VA, USA) and SigmaStat (SPSS Inc., Ger-
many). Normal distribution of the data was tested by the Shapiro—
Wilk test. Differences between HIV-1-infected and uninfected
subjects were analysed by Mann—Whitney test (memory B cells),
paired Student’s t-test (B cells apoptosis), Wilcoxon signed-rank
paired test (Fas-induced apoptosis) or Pearson y? test (frequency
of plasma NGF detection). Data in the text are shown as mean +
s.e.m. or median (5-95 percentiles). Correlation analysis was per-
formed by Spearman’s rank test. When comparing differences in
plasma NGF between populations, the variable plasma NGF has
been analysed in two different ways. When absolute values are
analysed, plasma NGF is described as median (5-95 percentiles)
and Kruskall-Wallis ANOVA was used. Due to the high number of
samples with undetectable NGF, differences between populations
were also analysed by comparing the frequency of positive sam-
ples (% of samples with detectable NGF/total samples).

RESULTS

Cell death of memory B cells in HIV-1 infection
Peripheral lymphocytes from 66 HIV-1-infected and 51 uninfected
subjects were double-stained for CD19 and CD27 expression. As
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Fig. 1. Memory B lymphocytes in HIV-1 infection. Distribution of the
percentage of memory B lymphocytes in HIV-1-infected and uninfected
subjects. Memory B cells are defined as the CD27-positive fraction of B
cells. Differences were analysed by Mann—Whitney U-test.

indicated in Fig. 1, the median frequency of memory (CD27") B
lymphocytes was reduced significantly in HI'V-1-infected subjects
as compared to uninfected donors [19-25% (6-8-59-8) and 34-3%
(19:5-57-5)], respectively. We therefore investigated whether loss
of memory B cells was due to priming for cell death in vitro. As
shown in Fig. 2, a fourfold increase in cell death was observed in
the CD27* B cells from 26 HIV-1-infected compared to eight
healthy subjects (26-2 £2-5% versus 7-9 £1-4%, P <0-001). Con-
versely, the rate of cell death detected in the CD27 (naive) B cells
from HIV-1-infected subjects was only 1-5-fold higher than the
controls (367 + 3-4 versus 24-5 + 7-3, P = 0-11). The increase in cell
death of memory B cells from HIV-1-infected subjects was accom-
panied by the up-regulation of Fas expression on freshly isolated
memory B cells compared to healthy controls (P < 0-05, Table 1),
while no significant difference was observed in FasL expression
(P =0-08). In order to investigate whether increased Fas expres-
sion would render memory B cells from patients more susceptible
to Fas-mediated apoptosis, we cultured purified B cells with ago-
nistic anti-Fas MoAb (CH-11). Our results showed that up-
regulation of Fas did not increase the susceptibility of memory B
cells to apoptosis induced by agonistic anti-Fas MoAb in vitro
(Table 1). The latter finding suggests that other pathways of sur-
vival/apoptosis rather than Fas/FasL could be responsible for
memory B cells death in HIV-1 infection.
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Fig. 2. Cell death in memory and naive B lymphocytes. B cells were puri-
fied from HIV-1-infected and uninfected subjects and cultured overnight.
Cell death was measured by flow cytometry as the percentage of Annexin-
V positive memory (CD27*) or naive (CD27") B cells. (J, HIV™ (n = 8); H,
HIV* (n=26).

Table 1. Fas/FasL expression on memory B cells ex vivo and sensitivity to Fas-induced apoptosis in cultured memory B lymphocytes'

Mean fluorescence intensity

Cell death (%)

Fas Fas ligand neg IgM anti-Fas
HIV-1-infected (n = 26) 18 (7-124) 7 (6-57) 257+37 26-4+39
Controls (n=11) 7 (4-48) 6 (4-10) 103+ 1-1 10-1+0-8

'"The expression of Fas and FasL on memory B cells was analysed ex vivo on the gate of CD19* CD27" cells and expressed as mean fluorescence
intensity. Susceptibility to CH-11 mediated apoptosis was performed on 11 HIV-1-infected and four uninfected individuals. Apoptosis of memory B cells
was analysed on cultures of purified total B cells by two-colour FACS by using anti-CD27-PE MoAb and AnnexinV-FITC.

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 132:297-303
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Fig. 3. Detection of plasma NGF in HIV-1 infection. (a) Levels of plasma
NGF in HIV-1-infected and uninfected subjects. (b) Levels of plasma NGF
in healthy subjects and in HIV-1-infected subjects with memory B cells
below or above the median value of 19%. These subjects were, respec-
tively, defined as patients with low (HIV-1 LM) and normal (HIV-1 NM)
memory B lymphocytes. NGF was measured by sandwich ELISA. The
dotted line indicates the detection limit of plasma NGF (10 pg/ml). P-
values were calculated by Pearson y” test.

Plasma NGF

Because NGF is a survival factor for memory B lymphocytes, we
measured the amount of circulating NGF in patients with HIV-1
infection. The variable plasma NGF does not follow a normal dis-
tribution due to the wide range and also to the high frequency of
samples with undetectable NGF. Indeed, as shown in Fig. 3a, 28
plasma samples from 77 healthy subjects had undetectable NGF
levels, with a frequency of detection equal to 63-6%. The fre-
quency of NGF detection was significantly lower in the 107 HIV-
1-infected patients, with only 36 samples with detectable plasma
NGF (33-6%, P <0-001). Moreover, the difference in plasma
NGF levels between the two populations was also confirmed
when Mann—Whitney rank test was applied. Indeed, the median
plasma NGF in HIV-l-infected subjects was 5 pg/ml (5-112),
whereas in the healthy controls it was 14 pg/ml (5-175)
(P=0-003). Spearman’s rank correlation analysis on HIV-1-
infected samples showed that plasma NGF was not correlated to
CD4" T cell count (p=-0-04, P=0-65). According to samples
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Fig. 4. Levels of natural anti-NGF autoantibodies in HIV-1 infection. The
presence of autoantibodies against NGF was investigated in plasma sam-
ples by ELISA. The differences between levels of anti-NGF antibodies
between HIV-1-infected and uninfected subjects was analysed by Mann—
Whitney sum rank test.

availability, simultaneous analysis of plasma NGF and memory B
cells was performed on 54 patients and 23 donors. In the total
population of patients and controls, plasma NGF and percentage
of memory B cells were correlated (p = 0-246, P = 0-037). Patients
were divided into two groups (normal and low memory, respec-
tively, NM and LM) according to the frequency of memory B cells
above or below the median value (19%) in this group. As shown
in Fig. 3b, NGF was detected in only two of 27 patients with low
memory B cells (7-4%) whereas 10 of 27 subjects with normal
memory B cells had detectable NGF in plasma (37%). In healthy
subjects, NGF was detected in 15 of 23 patients (65:2%). The fre-
quency of plasma NGF detection in the HIV-1 LM patients was
significantly lower compared to HIV-1 NM (P < 0-01) and to the
controls group (P <0-001). Conversely, the frequency of NGF
detection between controls and HIV-1 NM subjects was not sta-
tistically significant (P = 0-22).

Anti-NGF natural autoantibodies in HIV-1 infection

Because we observed a reduction in plasma NGF levels in
patients with HIV-1 infection, we considered the possibility that
plasma NGF might be complexed to anti-NGF autoantibodies.
The levels of anti-NGF antibodies were determined in 57 HIV-1-
infected and 22 uninfected individuals. HIV-1-infected subjects
were shown to carry higher levels of anti-NGF autoantibodies
compared to controls (Fig. 4). The median optical density of anti-
NGF autoantibodies in HIV-1-infected subjects was 0-606 (0-421—
0-863), while it was 0-392 (0-258-0-698) in control subjects
(P=0-01).

NGF and cell death of memory B cells

To test whether lack of NGF was involved in the death of memory
B lymphocytes, we isolated B cells from 16 HIV-1-infected
patients and cultured them overnight in the presence of increas-
ing amount of recombinant NGF (0, 100, 500, 1000 ng/ml). The
addition of NGF induced a low but statistically significant reduc-
tion of apoptosis of memory B cells at any concentration (Fig. 5).
The highest concentration of NGF (1000 ng/ml) induced about
20% reduction of memory B cell death compared to absence of

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 132:297-303
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Fig. 5. NGF and cell death of memory B lymphocytes in HIV-1 infection.
Purified total B cells from 16 HIV-1-infected subjects were cultured over-
night in presence of increasing amount of recombinant NGF and cell death
was detected, as described in Fig. 2. ll, Memory B cells; @, naive B cells.

NGF (from 24-04 £3-0 to 17-4 £ 1-3%, P =0-001). However, a sig-
nificant decrease in memory B cell death was also observed at 100
and 500 ng/ml concentrations (P =0-03 and P =0-:002). On the
contrary, the addition of NGF did not have any significant effect
on cell death of naive cells (Fig. 5).

DISCUSSION

We have reported recently that memory B lymphocytes are
reduced during HIV-1 infection [20] and as NGF is an important
survival factor for memory B cells [10] we investigated whether
alterations in plasma NGF was associated with memory B cell loss
in HIV-1-infected individuals. We here report that memory B cells
from HIV-1-infected subjects are primed for apoptosis and that
the plasma NGF detection is lower in HIV-1 infection compared
to healthy subjects.

In the only study published on this subject to date, Pica and
colleagues reported that serum levels of NGF were high in HIV-
l-infected patients with AIDS-KS [21]. In this study, HIV-1-
infected patients without KS showed serum NGF levels similar to
healthy subjects. The discrepancy between this study and ours
may not be due to different sampling of biological material
(serum versus plasma) as NGF levels in plasma or serum from the
same individuals were totally comparable in our hands. In addi-
tion, the median serum NGF in control subjects reported by Pica
and co-authors (20 pg/ml) was similar to the median plasma NGF
we report in the present study (14 pg/ml). In the study mentioned
there was no indication of the frequency of NGF detection (num-
ber positive samples/total samples), which has been reported to
represent an alternative way of analysis as compared to the abso-
lute values as NGF is also undetectable in a large proportion of
healthy subjects [23,24].

High levels of plasma NGF have been reported in subjects
with autoimmune diseases characterized by B cell hyperactivity
and an excessive antibody production [23-25]. Although these
dysfunctions also occur in HIV-1 infection, we observed a
decreased detection of plasma NGF in HIV-1-infected individu-
als. One possible explanation for this apparently controversial
finding is that upon HIV-1 infection the potential sources of NGF,
such as CD4" T cells, macrophages and mast cells, are infected,
deleted and functionally impaired. Also, HIV-1-infected mac-
rophages have been shown to up-regulate NGF receptors and to
use NGF as a survival factor [26]. This latter mechanism may thus
contribute to the deprivation of NGF from the peripheral circu-
lation. The impaired functionality and loss of all these cell types in
infected subjects may thus account for a reduced supply and/or
availability of NGF. Moreover, natural anti-NGF autoantibodies
have been described in autoimmune diseases and herpes simplex
virus infection [24,27,28] and because HIV-1 infection is charac-
terized by increased levels of autoantibodies [29] the possibility
exists that the plasma NGF is masked and/or neutralized by anti-
NGF antibodies. We observed for the first time that HIV-1-
infected patients carried higher levels of natural anti-NGF anti-
bodies as compared to normal subjects. Although the biological
function of natural anti-NGF autoantibodies is not known, an
increased amount of these antibodies may modulate NGF func-
tion and contribute to neutralize the biological activity of circu-
lating NGF.

We have previously shown loss of the memory B cell popula-
tion during HIV-1 infection [20] and here we report a high rate of
in vitro spontaneous cell death in memory B cells from HIV-1-
infected subjects. In the present study cell death was accompanied
by up-regulation of Fas on memory B cells. The treatment of puri-
fied B cells with an apoptosis-inducing anti-Fas agonistic MoAb
however, did not enhance cell death in the memory cell pool from
HIV-1-infected subjects. This observation is in agreement with
previous reports showing that activated memory B cells may not
be sensitive to anti-Fas induced apoptosis [30,31]. Although this
observation needs to be confirmed in a larger group of patients,
our finding suggests that factors other than Fas/FasL may be
involved in memory B cell death in HIV-1 infection.

Expression of bcl-2, an anti-apoptotic molecule important for
memory B cell longevity [32], is down-regulated by HIV-1 tat
protein in B and T lymphocytes [33]. Alteration in bcl-2 expres-
sion was reported recently to increase tumour necrosis factor
receptor (TNFR)-mediated apoptosis of T lymphocytes from
HIV-1-infected subjects [34]. These findings raise the possibility
that TNFR-mediated apoptosis is deregulated in B cells from
HIV-1-infected patients. Moreover, it was reported recently that
the survival factor function of NGF relies critically upon the con-
tinuous inactivation of the p38 mitogen-activated protein kinase
(MAPK) [35], a bcl-2 modifying enzyme. Indeed, withdrawal of
NGEF leads to activation of MAPK, release of cytocrome ¢ from
mitochondria and apoptotic cell death of memory B lymphocytes
[34]. In lymphocytes, HIV gp120 was shown to induce MAPK
activation [36,37] and selective deletion of Vi;3-expressing mem-
ory B lymphocytes [38]. This scenario might suggest a direct
effect of the virus in mediating memory B cell death through the
continuous activation of MAPK which, in turn, leads to inactiva-
tion of bcl-2 and circumvents the survival effect of NGF. A
detailed analysis of the apoptosis pathways possibly involved in
memory B cell death in HIV-1 infection is currently ongoing in
our laboratory.

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 132:297-303
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We found that in HI'V-1-infected subjects with very low mem-
ory B lymphocytes the frequency of NGF detection was signifi-
cantly reduced. In parallel with this in vivo finding, we observed
that the addition of exogenous NGF in cultures of purified B cells
from HIV-1 patients could partially reduce cell death of memory
B cells. NGF has been described previously to act as a survival
factor for human memory B lymphocytes [10]. In addition, this
growth factor may have diverse effects depending on the activa-
tion status of the target cells [3-5,8,9]. Our data suggest that dep-
rivation (or neutralization) of circulating NGF may contribute to
the loss of peripheral memory B lymphocytes in HIV-1 infection.
Memory B cells in HIV-1 infection are in a continuous status of
activation as suggested by the up-regulated expression of Fas and
by the high spontaneous secretion of IgG in vitro. In a recent
report we suggested that cell death could be a mechanism con-
tributing to loss of memory B cells [20]. The data we report here
provide evidence that memory B cells from HIV-1-infected sub-
jects are primed for apoptosis and that low supply or deprivation
of growth factors such as NGF may contribute to cell death.
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