
  
10.1128/JVI.78.19.10833-10836.2004. 

2004, 78(19):10833. DOI:J. Virol. 
Larry L. Thomas
Ali M. Gabali, Joshua J. Anzinger, Gregory T. Spear and
 
Subsequent Infection of Lymphocytes
Immunodeficiency Virus Type 1 and
Increases Neutrophil Binding of Human 
Activation by Inflammatory Stimuli

http://jvi.asm.org/content/78/19/10833
Updated information and services can be found at: 

These include:

REFERENCES
http://jvi.asm.org/content/78/19/10833#ref-list-1at: 

This article cites 25 articles, 17 of which can be accessed free

CONTENT ALERTS
 more»articles cite this article), 

Receive: RSS Feeds, eTOCs, free email alerts (when new

http://journals.asm.org/site/misc/reprints.xhtmlInformation about commercial reprint orders: 
http://journals.asm.org/site/subscriptions/To subscribe to to another ASM Journal go to: 

 on O
ctober 27, 2014 by guest

http://jvi.asm
.org/

D
ow

nloaded from
 

 on O
ctober 27, 2014 by guest

http://jvi.asm
.org/

D
ow

nloaded from
 

http://jvi.asm.org/content/78/19/10833
http://jvi.asm.org/content/78/19/10833#ref-list-1
http://jvi.asm.org/cgi/alerts
http://journals.asm.org/site/misc/reprints.xhtml
http://journals.asm.org/site/subscriptions/
http://jvi.asm.org/
http://jvi.asm.org/


JOURNAL OF VIROLOGY, Oct. 2004, p. 10833–10836 Vol. 78, No. 19
0022-538X/04/$08.00�0 DOI: 10.1128/JVI.78.19.10833–10836.2004
Copyright © 2004, American Society for Microbiology. All Rights Reserved.

Activation by Inflammatory Stimuli Increases Neutrophil Binding of
Human Immunodeficiency Virus Type 1 and Subsequent Infection

of Lymphocytes
Ali M. Gabali, Joshua J. Anzinger, Gregory T. Spear, and Larry L. Thomas*

Department of Immunology/Microbiology, Rush University Medical Center, Chicago, Illinois

Received 4 February 2004/Accepted 18 May 2004

Resting neutrophils bind human immunodeficiency virus type 1 (HIV-1) and efficiently transfer infection to
lymphocytes. The present study shows that a brief activation by inflammatory stimuli increases the neutrophil
binding levels of both R5 and X4 isolates of HIV-1 at least twofold. The binding occurs independently of CD4,
gp120, and incubation temperature and is observed with HIV-1 propagated either in lymphocytes or in HEK293
cells. Significantly, HIV-1 bound to the activated neutrophils accelerates the infection of activated lymphocytes
compared to free HIV-1 or to HIV-1 bound to resting neutrophils. It is proposed that these events may
contribute to the increased risk of HIV-1 transmission at sites of mucosal infection.

Mucosal inflammation is a risk factor for the transmission of
human immunodeficiency virus type 1 (HIV-1) infection (5, 13,
17, 18). Neutrophils, through their role in innate immunity
(22), are frequently prominent at sites of mucosal inflamma-
tion. Several neutrophil-derived mediators stimulate HIV-1
replication (9, 10, 12, 15, 19), and the possibility that neutro-
phils may directly promote HIV-1 infection is suggested by the
finding that neutrophils bind both CCR5 and CXCR4 strains
of HIV-1 and efficiently transfer infection to lymphocytes (16).
Specifically, HIV-1 bound to neutrophils is approximately
ninefold more infectious than is the same amount of free
HIV-1, as measured by the p24 antigen levels in culture super-
natants of phytohemagglutinin (PHA)-stimulated peripheral
blood mononuclear cells (PBMC) after 7 days of culture (16).
Because neutrophils are activated at sites of inflammation by
microbial products and by cytokines such as tumor necrosis
factor alpha (TNF-�) (22), the present study was performed to
determine the effect of neutrophil activation on the capacity of
neutrophils to bind HIV-1 and transfer infection to CD4-pos-
itive lymphocytes.

Neutrophils were isolated from the venous blood of healthy
adults by density gradient centrifugation as described previ-
ously (21). The study protocol was approved by the Institu-
tional Review Board of Rush University Medical Center. The
neutrophils (3 � 106) were incubated in triplicate with 1 �M
formylated peptide (fMLP), 10 ng of TNF-�/ml, 100 ng of
Escherichia coli lipopolysaccharide (LPS) serotype O55:B5/ml,
or in HEPES-buffered Hanks’ balanced salt solution, pH 7.4,
containing 30 �g of human serum albumin (Calbiochem, La
Jolla, Calif.)/ml alone for 15 min at 37°C or, as a control for
nonspecific effects, at 4°C. The cells were collected by centrif-
ugation and were incubated in RPMI 1640 with HIV-1BaL

[CCR5-tropic] containing 2,000 pg of p24 for 2 h at 4°C. The
HIV-1 was produced in PHA-stimulated PBMC as described

previously (16). The total incubation volume was 0.1 ml. Incu-
bations were stopped by centrifugation, and the cells were
washed extensively to remove unbound virus and were then
lysed in 125 �l of 0.5% Triton X-100 containing a cocktail of
protease inhibitors to inhibit degradation of the p24 (16). Cell
counting demonstrated that similar numbers of neutrophils
(approximately 1.3 �106) were recovered from resting and
stimulated samples. HIV-1 was quantified by measurement of
p24 antigen content in 100 �l of the cell lysate by using an
HIV-1 p24 antigen capture enzyme-linked immunosorbent as-
say (AIDS Vaccine Program, National Cancer Institute-Fred-
erick Cancer Research and Development Center, Frederick,
Md.). The lower limit of the sensitivity of the assay as per-
formed in our laboratory is 19 pg/ml. Results are presented as
the net total amount of bound HIV-1 after the subtraction of
nonspecific values for neutrophil lysate alone and for free virus
alone, which were routinely �5 and 1 pg, respectively. The
level of neutrophil binding of HIV-1BaL was significantly in-
creased by activation with 1 �M fMLP or 10 ng of TNF-�/ml
(two- or threefold, respectively) (Fig. 1A and B). In contrast,
incubating the neutrophils with 100 ng of LPS/ml or with any of
the stimuli at 4°C did not increase the level of HIV-1BaL bind-
ing. Parallel experiments confirmed that the brief incubation
with fMLP or TNF-�, but not LPS, activated the neutrophils,
as measured by the increased expression of CD11b (Fig. 2).
Additional results demonstrated that incubating neutrophils
with 3 to 30 ng of TNF-�/ml stimulated a concentration-de-
pendent increase in HIV-1 binding, with 30 ng of TNF-�/ml
causing an approximately sevenfold increase in binding (Fig.
1C). In results not shown, all three concentrations of TNF-�,
however, stimulated the same increase in CD11b expression as
that shown for 10 ng of TNF-�/ml in Fig. 2. The latter finding
indicates that increased expression of CD11b is not directly
responsible for the increased binding of HIV-1, although an
increase in CD11b affinity cannot be excluded.

Neutrophils from approximately 12% of healthy individuals
express CD4 (2), but flow cytometric analysis using fluorescein
isothiocyanate-conjugated anti-human CD4 did not detect any
CD4 expression by neutrophils isolated from five individuals,
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including the three individuals who participated in the exper-
iments for which results are shown in Fig. 1, before or after
activation by 10 ng of TNF-�/ml (results not shown). Thus,
HIV-1 binds to activated neutrophils independently of CD4.
Other surface molecules, including C-type lectin receptors on
dendritic cells (7, 23) as well as glycosaminoglycans (14) and
galactosyl ceramides (1, 6), are also targets for gp120-mediated
binding of HIV-1 to cells. The results presented in Fig. 3A
indicate that C-type lectins do not mediate HIV-1 binding by
the activated neutrophils, as chelation of calcium and other
divalent cations by EDTA did not impair the binding. More
directly, the results shown in Fig. 3B demonstrate that HIV-1
binds to the neutrophils independently of gp120. Activation of the
neutrophils by 10 ng of TNF-�/ml increased the binding of gp120/
41-negative HIV-1NL4-3 produced in HEK293 cells (American
Type Culture Collection, Manassas, Va.) as described previously

(20). The results presented in Fig. 3C indicate that a host-derived
molecule(s) common at least to lymphocytes and HEK293 cells
mediates the binding of HIV-1 to neutrophils, as TNF-� stimu-
lation produced similar increases in the binding of HIV-1NL4-3

propagated either in lymphocytes or in HEK293 cells (20). Lastly,
incubating resting and TNF-�-stimulated neutrophils with HIV-1

FIG. 1. Neutrophil activation increases HIV-1 binding. (A and B)
Neutrophils were incubated with or without 1 �M fMLP, 10 ng of
TNF-�/ml, or 100 ng of LPS/ml for 15 min at 37°C (filled bars) or at
4°C (open bars) and then were incubated with 2,000 pg of HIV-1BaL
for 2 h at 4°C. Cells were lysed, and binding was quantified by mea-
surement of viral p24 antigen content in the lysate. Results obtained in
two separate experiments (A and B), each using neutrophils of a
different individual, are shown as the means � standard errors (SE) for
triplicate samples. Similar results were obtained for two additional
experiments. (C) Neutrophils were incubated with or without the in-
dicated concentrations of TNF-� for 15 min at 37°C, and binding of
HIV-1BaL was determined as described for panels A and B. Results are
presented as the means � SE for triplicate samples in a single exper-
iment. Similar results were obtained in two additional experiments. *,
P � 0.05 compared with the value for resting neutrophils (None) by
Student’s paired t test.

FIG. 2. TNF-� and fMLP increase neutrophil expression of CD11b. Neutrophils were incubated without (thick line) or with (filled peak) 1 �M
fMLP, 10 ng of TNF-�/ml, or 100 ng of LPS/ml for 15 min at 37°C. The cells were washed and incubated with phycoerthrin (PE)-conjugated mouse
anti-CD11b (BD Biosciences, San Diego, Calif.) (thick line; filled peak) or the phycoerthrin-conjugated isotype (immunoglobulin G2a) control
(thin line) as described previously (4). Results of a single experiment are shown. Similar results were obtained in three additional experiments, each
using neutrophils from a different donor.

FIG. 3. HIV-1 binding to activated neutrophils occurs indepen-
dently of calcium, gp120/41, and incubation temperature. Neutrophils
were incubated without (None) or with 10 ng of TNF-�/ml at 37°C for
15 min. The neutrophils were then incubated for 2 h with 2,000 pg of
HIV-1BaL in the presence or absence of 10 mM EDTA at 4°C (A),
2,000 pg of wild-type HIV-1NL4-3 (ENV�) or gp120/41-negative HIV-
1NL4-3 particles (ENV�) at 4°C (B), 2,000 pg of HIV-1NL4-3 produced
in PBMC or HEK293 cells at 4°C (C), or 2,000 pg of HIV-1BaL for 2 h
at 4°C or at 37°C (D). The results shown were obtained in separate
experiments and are presented as the means � SE for triplicate sam-
ples in a single experiment. Similar results were obtained in two addi-
tional experiments for each protocol. *, P � 0.05 compared with the
value to resting neutrophils (None) by Student’s paired t test.
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at 37°C yielded the same levels of HIV-1 binding as observed
after incubating neutrophils with the virus at 4°C (Fig. 3D). This
finding suggests that the binding of HIV-1 by the neutrophils is
relatively specific, as incubation at 37°C would facilitate nonspe-
cific binding. This finding also argues against the internalization
of HIV-1, at least during the 2-h incubation period.

The results depicted in Fig. 4 show that HIV-1 bound to
activated neutrophils produced a threefold increase in the p24
content in the culture supernatant after 3 days of culture com-
pared to infection caused by HIV-1 bound to resting neutro-
phils or to 300 pg of free HIV-1BaL. For these experiments,
neutrophils were incubated with or without 30 ng of TNF-�/ml
for 15 min at 37°C and were then incubated with 2,000 pg of
HIV-1BaL for 2 h at 4°C in the standard manner. After wash-
ing, the neutrophil-HIV-1BaL conjugates were cultured with
heterologous PBMC that had been pre-activated by PHA as
described previously (16). As a control, the PHA-stimulated
PBMC were also cultured with 300 pg of free HIV-1BaL, a
concentration previously established to cause maximum infec-
tion after 7 days of culture (16), alone and in combination with
a freeze-thaw lysate of 2 � 106 neutrophils. HIV-1 bound to
the activated neutrophils continued to cause a significantly
greater level of virus production after 5 days of culture, but no
further increase was noted after 7 days of culture, when virus
production reached a plateau. As a consequence, HIV-1 bound
to either resting or activated neutrophils produced similar lev-
els of p24 after 7 days of culture. HIV-1BaL bound to TNF-�-
stimulated neutrophils also accelerated the infection of autol-
ogous PHA-stimulated PBMC (n � 2; results not shown).
Although several neutrophil products (9, 10, 12), including
some preformed mediators (15, 19), stimulate HIV-1 replica-
tion in infected cells, the addition of a freeze-thaw lysate of 2 �
106 neutrophils to the PBMC cultures did not increase the level
of replication caused by the free virus. Instead, it is likely that
the increased infection levels observed with HIV-1 bound to
activated neutrophils result from the enhanced transfer of the
HIV-1 by the neutrophils to the lymphocytes. The possibility
that the enhanced transfer simply reflects the increased
amount of HIV-1 bound to the activated neutrophils (approx-

imately 117 pg for the experiment in Fig. 4) cannot be ex-
cluded. Similarly, because HIV-1 production in activated
PBMC may not be increased linearly, the possibility that
HIV-1 bound to activated neutrophils has an even greater
effect on infection of PBMC per se cannot be excluded.

Neutrophils are present constitutively in the gingival mucosa
in the oral cavity (3) and are also enriched at sites of inflam-
mation in the oral and genital tract mucosae (3, 25). Although
it is possible that the neutrophils simply serve to clear the virus,
as proposed previously for CD4-negative cells (14), the results
presented here and those reported previously (16) indicate
that HIV-1 binding to neutrophils may contribute to the trans-
mission of HIV-1 infection. Indeed, neutrophils may act in a
manner analogous to dendritic cells (8, 11, 18) and epithelial
cells (24), although whether neutrophils also sequester the
virus intracellularly remains to be determined. In summary, the
results presented here demonstrate that the activation of neu-
trophils by inflammatory stimuli increases the binding of
HIV-1, that the binding occurs independently of CD4 or
gp120, and that HIV-1 bound to activated neutrophils rapidly
infects lymphocytes. It is proposed that these events contribute
to the increased risk of HIV-1 transmission at sites of mucosal
infection.
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