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Abstract

 

Fas/Fas Ligand (FasL) interactions play a significant role in
peripheral T lymphocyte homeostasis and in certain patho-
logical states characterized by T cell depletion. In this
study, we demonstrate that antigen-presenting cells such as
monocyte-derived human macrophages (MDM) but not
monocyte-derived dendritic cells express basal levels of
FasL. HIV infection of MDM increases FasL protein expres-
sion independent of posttranslational mechanisms, thus
highlighting the virus-induced transcriptional upregulation
of FasL. The in vitro relevance of these observations is con-
firmed in human lymphoid tissue. FasL protein expression
is constitutive and restricted to tissue macrophages and not
dendritic cells. Moreover, a significant increase in macro-
phage-associated FasL is observed in lymphoid tissue from
HIV (

 

1

 

) individuals (

 

P

 

 

 

,

 

 0.001), which is further supported
by increased levels of FasL mRNA using in situ hybridiza-
tion. The degree of FasL protein expression in vivo corre-
lates with the degree of tissue apoptosis (

 

r

 

 

 

5

 

 0.761, 

 

P

 

 

 

,

 

0.001), which is significantly increased in tissue from HIV-
infected patients (

 

P

 

 

 

,

 

 0.001). These results identify human
tissue macrophages as a relevant source for FasL expression
in vitro and in vivo and highlight the potential role of FasL
expression in the immunopathogenesis of HIV infection. (

 

J.
Clin. Invest.

 

 1998. 101:2394–2405.) Key words: HIV-induced
upregulation of FasL in macrophages

 

Introduction

 

Fas ligand (FasL)

 

1

 

 is a 40-kD type II membrane protein mem-
ber of the TNF superfamily which induces apoptosis of Fas-
susceptible target cells (1–5). Apoptosis induced by Fas/FasL
interaction plays a key role in the immune system through its

participation in peripheral T lymphocyte homeostasis and in
lymphocyte-mediated cytotoxicity (6–12). Dysregulation of
physiologic Fas/FasL interactions results in immune disease
states characterized by enhanced levels of Fas-mediated apop-
tosis, e.g, AIDS, idiopathic CD4

 

1

 

 T lymphocytopenia, and a
variety of forms of hepatitis or diseases with decreased levels
of lymphocyte death (e.g., human autoimmune lymphoprolif-
erative syndrome [ALPS]) (13–18).

The exact mechanism whereby a Fas susceptible peripheral
T lymphocyte is depleted by a FasL-expressing immune cell is
unknown (19). The presentation of antigen to a T lymphocyte
derived from a transformed cell line or hybridomas activated
by nonphysiologic stimuli induces susceptibility to Fas-medi-
ated signaling and FasL expression by the lymphocyte within
hours resulting in its death by apoptosis (6–8, 20–22). How-
ever, the induction of susceptibility to Fas-dependent apopto-
sis in primary T lymphocytes is thought to require a more pro-
longed period of time suggesting that the experimental model
using transformed cell lines lacks physiologic relevance (1, 6,
22). An alternative and potentially more physiologic mecha-
nism is that T lymphocyte activation induces a progressive
state of susceptibility to FasL-mediated apoptosis within a few
days of the initiation of the immune response. Encounter of
the susceptible effector T lymphocyte with a FasL-expressing
immune cell would trigger its death by apoptosis. Accumulat-
ing evidence indicates that antigen-presenting cells such as
macrophages may play a key role in the elimination of acti-
vated effector T cells (14, 23–25). In view of the potential role
of macrophages in T cell restimulation by recall antigen (26–
29), FasL expression by macrophages represents a potential
mechanism of peripheral T cell deletion both in physiologic
homeostasis but also in disease.

Although the exact mechanism of CD4 T lymphocyte de-
pletion induced by HIV infection remains undefined, previous
studies by our group and others indicate that FasL-induced
apoptosis represents one possible mechanism, as suggested by
the fact that CD4 T lymphocytes from HIV-infected patients
have enhanced susceptibility to FasL-mediated apoptosis (13,
14). We have previously demonstrated that HIV infection of
monocyte-derived macrophages (MDM) results in upregula-
tion of FasL mRNA which correlates with increased apoptosis
of Fas-susceptible targets (30). More recently, MDM-associ-
ated FasL was shown to induce a selective apoptosis of Fas-
susceptible CD4 but not CD8 T cells from HIV-positive pa-
tients, implying its potential role in the selective depletion of
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CD4 T cells (14). Altogether, these in vitro observations sup-
port the hypothesis that macrophage-associated FasL may
play a role in the deletion of activated peripheral T lympho-
cytes in the context of HIV infection.

In this study we have investigated the expression of FasL
protein in vitro and in vivo in human macrophages and the
mechanisms controlling its upregulation by HIV infection. We
demonstrate that monocyte-derived CD14

 

1

 

 macrophages, but
not monocyte derived CD83

 

1

 

 dendritic cells, endogenously ex-
press FasL, and that HIV infection mediated upregulation of
FasL protein expression is independent of posttranslational
mechanisms. These in vitro observations correlate with in vivo
findings, in which FasL protein is mainly detected within hu-
man tissue macrophages in lymphoid tissue. FasL protein and
mRNA was found to be upregulated in lymphoid tissue from
HIV-infected patients and to correlate with levels of tissue
apoptosis. These results suggest that the modulation of FasL
expression in macrophages by HIV infection may participate
in the homeostasis of peripheral CD4 T cells in HIV infection.

 

Methods

 

Isolation of peripheral blood mononuclear cells and generation of
macrophages and dendritic cells cultures.

 

PBMC from healthy blood
donors were isolated from buffy coats by density centrifugation using
Ficoll Hypaque (Pharmacia LKB Biotechnology Inc., Piscataway,
NJ). Cells were cultured at 2 

 

3

 

 10

 

6

 

 cells/ml, in RPMI-1640 media sup-
plemented with 10% decomplemented human AB serum (GIBCO
BRL, Gaithersburg, MD) plus 2 mmol/liter L-glutamine, 100 U/ml
penicillin G and 100 

 

m

 

g/ml streptomycin (Whittaker Bioproducts,
Walkersville, MD), in a 5% CO

 

2

 

 atmosphere at 37

 

8

 

C. PBMC under-
went plastic adherence in horizontally placed T175 tissue flasks
(Corning-Costar, Cambridge, MA). To generate enriched popula-
tions of MDM or monocyte-derived dendritic cells (MDDC) the fol-
lowing procedures were performed. After 24 h, the nonadherent cells
(PBL) were removed and the adherent monocytes were detached by
washing in PBS, further separated from contaminating lymphocytes
by density centrifugation in a 14.5% metrizamide gradient (Sigma
Chemical Co., St. Louis, MO) and 8 

 

3

 

 10

 

6

 

 cells plated at 2 

 

3

 

 10

 

6

 

 cells/
ml in 6-well plates (Corning-Costar). To enrich for MDM 24-h plastic
adhered monocytes were cultured with GM-CSF, 800 U/ml (Immu-
nex Corp., Seattle, WA) and TNF, 100 U/ml (Genzyme, Cambridge,
MA) (31). To enrich for MDDC 24-h plastic-adhered monocytes
were cultured with GM-CSF, 800 U/ml and IL-4, 500 U/ml (R & D
Systems, Inc., Minneapolis, MN) and from the fifth day of culture
TNF, 100 U/ml was added (31). Adherent cells were passed every 3 d
in RPMI-1640 with 10% low FBS containing undetectable levels of
LPS (Hyclone Laboratories Inc., Logan, UT). In experiments deter-
mining the role of HIV infection on FasL expression by MDM, the
24-h nonadherent cells were removed and the adherent monocytes
were cultured with 10% FBS media without added cytokines. Adher-
ent cells in flasks were passed every 7 d. In experiments evaluating
the effect of metalloproteinase inhibition, KB8301 (gift from Kanebo,
Ltd., Osaka, Japan) at 20 

 

m

 

M/ml was added for 24 h before harvest.

 

Viral stock and HIV infection.

 

HIV stocks of the M-tropic strain
SF162 were prepared from the supernatants of PHA and IL-2–
treated PBMC as previously described (30). Cell-free culture super-
natants containing HIV or mock-infected supernatant were filtered,
aliquoted, and stored at 

 

2

 

120

 

8

 

C. The TCID

 

50

 

 of the HIV stock was
determined as previously described (32). 5-d-old MDM in T175 flasks
were infected with a TCID

 

50

 

 of 5 

 

3

 

 10

 

4

 

 of HIV p24 containing super-
natant per flask for 24 h at 37

 

8

 

C in 5% CO

 

2

 

. In parallel, mock-infec-
tion was performed using the mock-infected supernatant under the
same conditions. MDM monolayers were then washed three times
and cultured in RPMI-1640 with low LPS 10% FBS with refeeding

every 7 d. MDM were harvested by incubation in ice-cold PBS and
gently scraped. HIV infection in MDM was monitored by screening
p24 content using a commercial ELISA (Coulter, Hialeah, FL). In
certain experiments intracytoplasmic p24 was analyzed by flow cy-
tometry using anti-p24 FITC (Coulter).

 

ELISA for soluble FasL detection.

 

Culture conditions for the de-
tection of soluble FasL in the supernatants from MDM were as fol-
lows: HIV- or mock-infected MDM were scraped 7 d after infection
and reseeded at 3 

 

3

 

 10

 

6

 

/ml in 24 well plates (Corning-Costar). Cell-
free supernatants were harvested on day 12 after infection. The con-
centration of soluble FasL was normalized to the number of MDM
counted in each well at the end of the incubation period. Culture su-
pernatants were stored at 

 

2

 

120

 

8

 

C until analyzed. Soluble FasL was
detected by ELISA as previously described using antibodies kindly
provided by H. Yagita (Juntendo University, Tokyo, Japan) (33).
Briefly 50 

 

m

 

l of anti-FasL mouse IgM (NOK-3) at 10 

 

m

 

g/ml was
crosslinked in PBS overnight at 4

 

8

 

C to Immulon4

 

®

 

 plates (Dynatech
Labs. Inc., Chantilly, VA). Antibody containing wells were blocked
with 1% milk-PBS for 2 h at 37

 

8

 

C after which 50 

 

m

 

l of culture super-
natant was added to duplicate wells and incubated for 1 h at room
temperature (RT). As reference serial dilutions of recombinant solu-
ble FasL were used. 50 

 

m

 

l of biotinylated anti-FasL IgG1 (NOK-1) at
5 

 

m

 

g/ml was then added for 1 h at RT, followed by 50 

 

m

 

l of ABC solu-
tion (Vector Laboratories, Burlingame, CA) for 1 h at RT, with wash
steps with PBS 0.05% Tween performed in between each step. The
reaction was developed using 100 

 

m

 

l of OPD (Sigma Chemical Co.)
for 1 h at RT and stopped using 100 

 

m

 

l of 2 N H

 

2

 

SO

 

4

 

. The optical den-
sity was measured at 490 nm and values estimated by comparing the
optical density obtained to the standard curve.

 

Flow cytometry.

 

Flow cytometry for surface staining was per-
formed on 10

 

6

 

 MDM or MDDC. 100 

 

m

 

g of human IgG1 (Sigma
Chemical Co.) was added to all cell pellets for 15 min at 4

 

8

 

C, washed
three times with PBS followed by a 15-min incubation at 4

 

8

 

C with the
appropriate antibody. 1 

 

m

 

g of the following antibodies were used:
CD14 FITC mouse IgG2b, CD83 mouse IgG2a, p24 FITC mouse
IgG1, IgG2b mouse FITC isotype, IgG1 mouse FITC isotype
(Coulter), IgG2a mouse isotype (Sigma Chemical Co.), FasL (NOK-1)
phycoerythrin conjugate (PE) mouse IgG1 (33) and IgG1 mouse PE
isotype (Caltag Laboratories, South San Francisco, CA). Where ap-
propriate, cells were then washed and incubated with goat anti–
mouse FITC (Becton Dickinson, San Jose, CA) at 10 

 

m

 

g for 15 min at
4

 

8

 

C. For certain experiments intracytoplasmic staining was per-
formed by fixing 10

 

6

 

 MDM in 1% paraformaldehyde containing 20

 

m

 

g/ml of lysolecithin (Sigma Chemical Co.) for 5 min at 4

 

8

 

C. Samples
were next washed, permeabilized in 2 ml of ice-cold methanol while
vortexing, placed on ice for 15 min, washed, and resuspended in 1 ml
of PBS 0.1% NP-40 (Sigma Chemical Co.) for 5 min at 4

 

8

 

C; 100 

 

m

 

g of
human IgG1 added for 15 min at 4

 

8

 

C, cells washed and incubated
with 1 

 

m

 

g of the appropriate antibody for 15 min at 4

 

8

 

C. Flow cytom-
etry was performed using a FACScan

 

®

 

 (Becton Dickinson) and anal-
ysis completed using CELL QUEST

 

®

 

 software (Becton Dickinson).
All samples were compared to their isotype-matched controls. In the
case of dual flow cytometry individual samples treated with each iso-
type alone were used to determine the background levels of autofluo-
rescence.

 

In situ hybridization.

 

A 322-bp DNA fragment corresponding to
bases 373–694 of the human FasL genome (34) was obtained by PCR
from cDNA using the following primers; anti-sense: T CCG CTC
GAG CTC ATC ATC TTC CCC T, sense: CCG GAA TTC ATC
TTT GGA GAA GC and cloned into a Bluescript SK vector (Strat-
agene, La Jolla, CA) with EcoR1 and XhoI flanking sites in the anti-
sense and sense directions, respectively. To generate an antisense
RNA probe the plasmid was linearized with EcoR1 and transcribed
using T7 polymerase (Promega Corp., Madison, WI). For the FasL
sense probe, XhoI was used to linearize the template and transcrip-
tion was performed using T3 RNA polymerase (Promega Corp.,
Madison, WI). In vitro transcription reaction and digoxigenin 11-
UTP (Boehringer-Mannheim, Indianapolis, IN) labeling were per-



 

2396

 

Dockrell et al.

 

formed after commercial kits (Promega Corp.). Labeled probes were
digested with deoxyribonuclease (Promega Corp.) phenol/chloro-
form extracted, and ethanol precipitated. In situ hybridization was
performed on formalin fixed paraffin-embedded tissues after xylene
and graded alcohol treatment as previously described (35). Hybrid-
ization with riboprobe at 1/80 dilution was performed overnight at
37

 

8

 

C. Positive in situ hybridization signals were detected by the anti-
digoxigenin AP at 1/200 dilution (Boehringer-Mannheim) using the
NBT/BCIP system.

 

Immunofluorescence staining of paraffin-embedded tissue.

 

Tissues
were obtained from HIV-positive patients undergoing biopsy to rule
out malignancy whose nodes were found to be free of malignancy or
other pathologic abnormality as judged by independent pathological
review. These HIV-infected patients had CD4 T cell counts less than
300 cells/mm

 

3

 

, and had not received combination antiretroviral ther-
apy. Tissues from HIV-negative patients used as controls were ob-
tained at the time of biopsy to exclude malignancy and the tissues uti-
lized contained no pathological abnormalities. An additional number
of tissues from HIV-negative patients with pathologic abnormalities
(B cell lymphomas; small lymphocytic type, follicular small cleaved
cell type or diffuse large cell type or Kikuchis necrotizing lymphaden-
itis) were also analyzed in certain experiments to determine the spec-
ificity of HIV-related FasL expression. 5-

 

m

 

m sections of paraffin-
embedded tissue were treated with xylene to remove paraffin and re-
hydrated through graded alcohol to water washes and endogenous
peroxidase activity was quenched by a 10-min incubation in a 50:50
mix of methanol: 3% peroxidase. Antigen retrieval was performed by
treatment with steaming 10 mM citrate buffer for 30 min pH 6.0 and
subsequent cooling. Sections were then washed in water, rinsed in
PBS 0.05% Tween, incubated with 100 

 

m

 

g/ml human IgG1 (Sigma
Chemical Co.) for 15 min, and then with 5% normal goat serum
(NGS), (ICN Pharmaceuticals Inc., Costa Mesa, CA) in PBS for 15
min. To stain for CD68 , tissue slides were incubated with 300 

 

m

 

l of
PGM-1 antibody (anti-CD68) antibody (36) (Dako, Carpinteria,
CA), at a 1:100 dilution in 1% NGS PBS for 60 min at room tempera-
ture, followed by biotin conjugated, goat anti–mouse (Dako) 1:100
dilution in 1% NGS PBS for 30 min and streptavidin FITC (Dako)
1:200 dilution for 30 min with wash steps in between each incubation
as above. To stain for S100, a 1:300 dilution of S100 antibody (37)
(Dako) in 1% NGS PBS was used and slides incubated for 60 min at
RT, followed by incubation with biotin conjugated goat anti–mouse
(Dako) and streptavidin FITC (Dako) as above. Anti-CD68 or anti-

S100 processed slides were then incubated with 2.5 

 

m

 

g/ml of NOK-1
PE (33) in 1% NGS PBS overnight at room temperature. Coverslips
were placed with vectashield (Vector Laboratories) to retain fluores-
cence, and slides were viewed and photographed with filters which
allow only red light wavelength fluorescence (excitation 546 nm,
emission 590 nm) or green light wavelength fluorescence (excitation
450–490 nm, emission 515–565 nm). In some experiments involving
staining of FasL, slides were treated with NOK-1 (33) or IgG1 isotype
at 2.5 

 

m

 

g/ml overnight and catalysed signal amplification (CSA)
(Dako) performed with the amplification reagent at 40% and condi-
tions as per the manufacturers instructions. Amino-ethyl-carbazole
(Sigma Chemical Co.) was used as chromogen and slides counter-
stained with hematoxylin. To determine specificity of the NOK-1 an-
tibody preabsorption of NOK-1 (2.5 

 

m

 

g/ml) with soluble FasL (5 

 

m

 

g/
ml) was performed at 4

 

8

 

C for 12 h and the mixture was thereafter
used in the immunostaining process as described above. This resulted
in the elimination of FasL-specific staining, thus supporting the speci-
ficity of this antibody for the immunostaining of FasL in tissues, as
previously described (38). In those experiments involving dual FasL
and apoptosis staining, slides were first incubated overnight with
FasL PE, washed in PBS-Tween followed by apoptosis detection us-
ing Apotag direct

 

®

 

 (Oncor, Gaithersberg, MD) with terminal de-
oxynucleotidyl transferase (TdT) and FITC-conjugated nucleotide
triphosphate. Thereafter, slides were reviewed by three blinded re-
viewers who reviewed 10 randomly chosen fields to quantify the num-
ber of FasL-positive cells and apoptotic cells in each 40

 

3

 

 objective
field.

 

Statistical analysis.

 

Statistical analysis was performed using a
Signed Rank test and pairwise comparisons were made using a paired

 

t

 

 test. Comparison of fold increase in soluble FasL after HIV treat-
ment was performed using a one tailed 

 

t

 

 test for comparison of means
with significance defined as 

 

P

 

 

 

,

 

 0.05. To determine the relationship
of FasL to apoptosis, a Spearman correlation coefficent was calcu-
lated using SAS system software.

 

Results

 

FasL is expressed by monocyte-derived macrophages but not
by monocyte-derived dendritic cells.

 

Our group has previously
demonstrated that FasL mRNA transcription is constitutively
present in monocyte derived macrophage cultures (30). In

Figure 1. FasL expression in 
MDM and MDDC. Membrane 
associated FasL in MDDC and 
MDM was determined for
12-d-old cell cultures derived 
from three separate blood do-
nors. Dual flow cytometry was 
performed using anti-FasL anti-
body(NOK-1) PE and either 
anti-CD83 and a goat anti–
mouse FITC antibody- or anti-
CD14 FITC antibody. For each 
cell type isotype PE and isotype 
FITC antibodies were used to 
determine quadrant position and 
specific fluorescence. For each 
donor the percentage of cells 
with dual positivity for FasL and 
either CD83 or CD14 is indi-
cated in the right upper quad-
rant.
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vitro cultures of freshly isolated peripheral blood monocytes
are capable of differentiating into both macrophages and den-
dritic cells and thus contain a nonhomogeneous cellular popu-
lation of monocytes at different stages of differentiation (39,
40). To better define the monocyte derived subpopulation(s)
that express endogenous FasL, plastic-adhered monocytes
were treated with different cytokine mixtures which allow for
the enrichment of two defined populations, CD14

 

1

 

 cells (here
defined as MDM) and monocyte-derived dendritic CD83

 

1

 

cells (MDDC) (31, 40). Treatment of monocytes for 12 d with
TNF and GM-CSF resulted in cultures containing a mean of
87% (range 73–95%) of CD14 expressing adherent cells. In
parallel, a mixture of IL4, TNF, and GM-CSF yielded loosely
adherent nests of cells with typical dendritic veils containing a
mean of 61% (range 37–83%) of cells expressing the specific
dendritic cell marker CD83. Using this culture technique, we
next proceeded to measure membrane-associated FasL ex-
pression in MDM and in MDDC generated from three sepa-
rate donors. As shown in Fig. 1, MDDC (CD83

 

1

 

) had no de-
tectable FasL on their surface, which is in direct contrast with
the detectable FasL expression by MDM (CD14

 

1

 

) cells; the
degree of which is donor dependent. These results indicate
that in vitro culture of peripheral blood monocytes leads to
FasL expression in CD14

 

1

 

 macrophages, but not in MDDC,
and highlights the endogenous expression of FasL protein by a
primary immune cell.

 

FasL expression by MDM is increased by HIV infection.

 

Previous studies from our group indicate that HIV-infected
MDM cultures upregulate FasL mRNA and selectively induce
the apoptosis of FasL susceptible primary CD4 T cells from
HIV(

 

1

 

) individuals (14, 30). Whether HIV infection, in addi-
tion to upregulating FasL transcription, also influences the
posttranslational regulation of FasL expression remains un-
known. HIV infection of macrophages induces the upregula-
tion of certain matrix metalloproteinases (MMP) (41), some of
which may be responsible for the posttranslational processing
of membrane bound FasL to its soluble form (33, 42). There-
fore, we questioned whether HIV infection might also modify
the posttranslational processing of FasL by MMP-like convert-
ing enzymes in addition to its effects on FasL transcription.
Mock- or HIV-infected MDM were pretreated for 24 h with
the MMP inhibitor (KB8301) after which membrane-associ-
ated and soluble FasL were measured by flow cytometry and
ELISA, respectively. In MDM, the MMP inhibitor resulted in
a proportional increase in the level of membrane-associated
FasL in both mock- and HIV-infected MDM (Fig. 2 

 

A

 

). To
confirm that the effects of this MMP inhibitor targeted the
processing of the membrane-bound into the soluble form of
FasL, parallel culture supernatants were collected from cells
treated with or without KB8301. As shown in Fig. 2 

 

B

 

, a de-
crease in soluble FasL is observed in mock-infected MDM or
HIV-infected MDM cultures treated with KB8301. The appar-
ent lack of direct correlation between the degree in the in-
crease in membrane-bound FasL and the decrease in soluble
FasL induced by KB8301 may reflect a more rapid degrada-
tion of the soluble form in the culture supernatant, a larger sol-
uble pool, or limitation of the ELISA sensitivity.

The observed upregulation of FasL in HIV-infected MDM
cultures could be the direct result of HIV infection of individ-
ual cells, or alternatively it could be the indirect result of cyto-
kines and/or soluble viral proteins produced by HIV-infected
cells. To address this question, dual flow cytometry was per-

formed on permeabilized mock- or HIV-infected MDM from
various donors to detect intracytoplasmic p24 and FasL. As
shown in Fig. 3, a direct correlation between the degree of
FasL and HIV-p24 was observed in one donor; phenomena
which was further confirmed in two additional donor MDM.
The direct relationship between p24 and FasL expression was
found to be statistically significant (

 

P

 

 

 

,

 

 0.01). However, the

Figure 2. HIV infection upregulates FasL expression. (A) Flow cy-
tometry of mock-infected or HIV-infected MDM in the absence(2) 
or presence(1) of 24 h treatment with 20 mM KB8301. Cells were 
harvested and stained with isotype antibody (broken line) or anti-
FasL antibody (NOK-1) PE (bold line). Mean channel fluorescence 
was determined by subtracting the isotype value from the FasL 
stained specimen value. (B) Soluble FasL levels in duplicate culture 
supernatants from mock- or HIV-infected MDM treated with or 
without KB8301 as in (A) obtained from three separate donors. Data 
is representative of 12 donors studied.
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fact that p24(

 

1

 

) MDM within the HIV-MDM cultures contain
significant levels of FasL negative cells also argues for a role
for indirect mechanisms related to HIV infection.

 

FasL is expressed by macrophages in human lymphoid
tissue and is increased in HIV-infected individuals.

 

The above
experiments demonstrate that in addition to the inducible
form of FasL that can be detected in vitro in T lymphocytes, a
basal expression of this protein is present in in vitro–cultured
MDM. As the immune relevance of the two separate forms of
FasL in these two different types of immune cells remains un-
known, we reasoned that investigating the expression of FasL
in vivo in lymphoid tissue and identifying its cellular associa-
tion could provide additional information about its potential
role in T cell homeostasis. Paraffin-embedded sections from a
variety of lymphoid tissues (lymph node, tonsil, small intestine,
and colon) obtained from HIV-negative individuals and con-
sidered not to have abnormal pathology were first screened.
Anti-FasL antibodies (NOK1-PE) were used in conjunction
with antibodies that recognize different immune cell subsets.
We first evaluated whether FasL expression (if detectable) was
restricted to tissue macrophages. For this, we utilized an anti-
CD68 antibody, routinely used in immunohistopathology to

stain for tissue macrophages (PGM1) (36). Results from these
experiments are summarized in Fig. 4 

 

A

 

, which demonstrate
that FasL expression is constitutively present in lymphoid tis-
sue. FasL is localized in the lymphoid tissue of the small and
large bowel within the subepithelial region. In lymph nodes,
FasL expression is observed in the interfollicular and paracor-
tical regions; considered to be rich in macrophages and T cells.
Most striking was the fact that the FasL(

 

1

 

) cells were found to
be CD68(

 

1

 

); although a large proportion of CD68(

 

1

 

) cells
were FasL(

 

2

 

), suggesting that it is a subpopulation of tissue
macrophages within normal lymphoid tissue that express FasL.
As dendritic cells of monocytic origin may also contain CD68
(43), we performed additional studies in which FasL staining
was correlated with S100; a marker for dendritic cells (37). Fol-
lowing the same approach as for CD68 staining, tissues were
costained for FasL and S100. Results from representative ex-
periments demonstrate that FasL(

 

1

 

) cells were found to be
S100(

 

2) (Fig. 4 B), indicating that FasL expression is re-
stricted to the CD68(1)/S100(2) population, which is thought
to correspond to differentiated tissue macrophages. Moreover,
these studies did not detect significant levels of constitutive
FasL in T lymphocytes which are CD68(2).

Due to the potential relevance of constitutive FasL expres-
sion by tissue macrophages to the depletion of Fas susceptible
CD4 T cells, as previously documented by our group using in
vitro studies (14), we evaluated whether the in vivo expression
of this apoptosis-inducing ligand is upregulated in a disease
state characterized by increased CD4 T cell depletion, i.e.,
HIV infection. To achieve this, we compared in parallel, lymph
nodes from a series of three HIV(1) patients with those ob-
tained from three random HIV(2) patients. Using the same
experimental design as described above, we first determined
whether FasL expression was comparable between HIV(2)
and HIV(1) tissue using the anti-FasL antibody (NOK1-PE).
A significant increase in FasL(1) cells was found in tissue
from HIV(1) patients (Fig. 5 A), which as in lymph node tis-
sue from HIV(2) patients, was restricted to CD68(1) and
S100(2) cells (Fig, 5, A and B). This suggested that either an
overall increase in the number of CD681 cells, of which a sub-
set is FasL(1), is present in the lymphoid tissue from HIV(1)
patients, or alternatively, that a larger proportion of CD68(1)
cells are FasL(1) in tissue from HIV(1) patients. To address
this, the number of CD68(1) and FasL(1) cells were individu-
ally quantified in the lymph nodes from HIV(2) and (1) pa-
tients. A summary of this evaluation tabulated in Table I indi-
cates that while the number of CD68(1) cells was found to be
similar between HIV(2) and (1) tissues, highly significant in-
creases in the number of FasL(1) cells were present in the
lymph nodes from HIV(1) patients. We also examined FasL
expression in lymph nodes from patients with a variety of B
cell lymphomas and in cases of Kikuchis lymphadenitis, a dis-
ease associated with tissue apoptosis and thought to be of viral
etiology (44). These studies demonstrated that FasL expres-
sion in these two pathological conditions was not increased as
compared to control lymph node tissue (not shown). Alto-
gether, this first set of experiments confirm the in vivo expres-
sion of FasL protein in macrophages and highlight its signifi-
cant upregulation in lymphoid tissue from HIV-infected
individuals.

To further confirm the HIV-dependent FasL upregulation
in vivo, and to address potential mechanisms regulating its ex-
pression, an in situ hybridization technique for the detection of

Figure 3. FasL and HIV expression in MDM. Dual flow cytometry of 
intracytoplasmic p24 and FasL in 12 d after mock- or HIV-infected 
MDM. Individual PE isotype or FITC isotype stained specimens were 
used for each specimen to determine the position of specific fluores-
cence (donor '1). Dual staining in two additional donors (donors '2 
and '3). The percentage of dual positive cells is depicted in the up-
per right quadrant for each donor.
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FasL mRNA was developed. Using this technique, we demon-
strate the presence of FasL mRNA in lymphoid tissue from
both control and HIV-infected individuals. Moreover, a signif-
icant increase in the number of cells expressing FasL mRNA
were observed in the lymphoid tissue from HIV-infected pa-

tients with the morphologic appearance of lymphocytes in ad-
dition to tissue macrophages (Fig. 6).

FasL expression correlates with increased tissue apoptosis.
To determine whether the FasL protein expression in lym-
phoid tissue correlates with increased levels of tissue apoptosis

Figure 4. FasL expression in 
vivo. (A) Paraffin-embedded tis-
sue from a variety of lymphoid 
tissues obtained from HIV(2) 
individuals was stained with anti-
CD68 (PGM-1) and anti-FasL 
(NOK-1) antibodies. CD681 
cells stain green while FasL 1 
cells stain red. (B) Sections were 
stained with anti S100 (S100); 
green, and anti-FasL antibodies 
(NOK-1); red.
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Figure 5. Comparison of FasL expression in lymph node tissue from HIV(2) and HIV(1) patients. (A) Paraffin-embedded tissues from 
HIV(2) or HIV(1) patients stained with anti-CD68 and anti-FasL antibodies as described in Fig. 4. (B) Paraffin-embedded tissue from HIV(2) 
and HIV(1) patients stained with anti S100 or anti-FasL antibodies as described in Fig. 4.
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we stained tissue specimens for FasL and quantified apoptosis
using terminal deoxynucleotide UTP transferase (TUNEL).
Three HIV(2) and three HIV(1) lymphoid tissues were ana-
lyzed and as depicted in representative fields of HIV(2) and
HIV(1) tissue (Fig. 7 A), the level of both FasL and the num-
ber of apoptotic cells was greater in the HIV(1) tissues. Three
independent reviewers blinded as to the source of tissue re-
viewed 10 randomly chosen fields at a magnification of 40 for
each tissue. In HIV(2) tissues the mean number of FasL posi-
tive cells per 403 objective was 5.2, standard deviation 1.0, and
the mean number of apoptotic cells was 7.1, standard deviation
3.1 compared with a mean number of FasL positive cells per
field of 18.4, standard deviation 5.3 (P , 0.001 paired t test)
and a mean number of apoptotic cells per field of 23.3, stan-
dard deviation 7.2 (P , 0.001 paired t test) in the HIV(1) tis-
sues. To determine if a significant correlation existed between
the numbers of FasL-positive cells and the number of apop-
totic cells, a linear regression analysis was performed using
data from both HIV(2) and HIV(1) tissues (Fig. 7 B). This
analysis demonstrated a significant correlation between the

frequency of apoptosis and the number of FasL-expressing
cells; which as shown above are CD681 (r 5 0.761, Spearman
correlation) (P 5 , 0.001). In a few cases the apoptotic cells
were in physical contact with FasL positive cells. In all HIV
(1) tissues there were higher numbers of apoptotic cells corre-
lating with increased numbers of FasL expressing cells. Multi-
ple efforts were made to identify the phenotype of the
TUNEL (1) cells in the frozen tissue slides by immunostain-
ing. While anti-CD68 antibodies combined with the TUNEL
technique indicated that the TUNEL (1) were not CD681, an-
tibodies against CD3 or CD4 did not stain any cells, thus limit-
ing our ability to determine whether the TUNEL (1) cells
were of T lymphocyte phenotype.

Discussion

This study provides novel evidence demonstrating that differ-
entiated macrophages are a constitutive source of FasL in the
immune system. The functional relevance of apoptosis-induc-
ing ligands such as FasL and, as previously identified, TNF in

Table I. FasL Expression in CD681 Cells in Lymph Nodes from HIV(2) and HIV(1) Patients

Lymph node #1 Lymph node #2 Lymph node #3 Total

NI HIV P NI HIV P NI HIV P NI HIV P

PGM1 19.4 20.5 0.42 20.7 21.5 0.78 18.2 23.0 0.001 19.4 21.5 0.01
NOK1 3.0 17.7 , 0.001 2.3 18.2 , 0.001 2.8 18.9 , 0.001 2.7 18.1 , 0.001
Percent NOK1 16% 86% , 0.001 12% 86% , 0.001 16% 81% , 0.001 14% 84% , 0.001

Figure 6. Comparison of FasL 
mRNA expression in lymph tis-
sue from HIV(2) and HIV(1) 
patients as detected by in situ hy-
bridization. Paraffin-embedded 
tissues from HIV(2) or HIV(1) 
tissue were treated with FasL 
anti-sense(AS) or FasL sense(S) 
riboprobes to detect mRNA for 
FasL. The first three rows repre-
sent data from three HIV(1) tis-
sues, the fourth row from a con-
trol HIV(2) patient (NI). The 
first and third columns show re-
sults with the FasL anti-sense 
probe at magnifications of 40 
and 100. The middle column 
shows the result obtained with 
the FasL sense riboprobe at a 
magnification of 40.
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human macrophages (45) is unclear. The key role that both
FasL and TNF play in the homeostasis of peripheral T lym-
phocytes (46), raises the counterintuitive possibility that mac-
rophages may participate in the depletion of activated, apopto-
sis-susceptible T cells. Recent in vitro studies support this
concept, as activated macrophages have been shown to induce
the selective apoptosis of susceptible CD4 T cells (23), and our
group has demonstrated that HIV-infected macrophages in-
duce the selective apoptosis of CD4 T cells through Fas/FasL
interactions (14, 30). This putative new role of macrophages
therefore questions the relevance of lymphocyte-associated
FasL as the exclusive source of this apoptosis-inducing ligand
in the immune system and highlights the potential role of the
macrophages in regulating peripheral T cell homeostasis and
in the pathogenesis of disease states characterized by en-
hanced lymphocyte depletion such as the AIDS.

As demonstrated in this study, FasL expression could not
be detected in vivo in monocyte-derived dendritic (CD831)
cells, or in vivo in S1001 cells. These observations can be rec-
onciled by the finding that the murine dendritic cells express-

ing FasL are of lymphocytic, but not monocytic origin, and
that the FasL-negative dendritic cell subpopulation induces
the most potent cell proliferation in MLR (47–49). The immu-
nological impact of MDM-associated FasL in vivo is unknown
and warrants further study. While MDM can serve as antigen-
presenting cells, this function is regarded as suboptimal when
compared to that exerted by dendritic cells with regard to
novel antigen presentation to naive T cells. On the contrary,
MDM appear to be the main antigen-presenting cell of recall
antigen to memory T cells (26–29); thus potentially leading to
their apoptosis and deletion.

While studies are underway to test the impact of macro-
phage-associated FasL in the physiology of peripheral T cell
homeostasis, this study has focused on the potential role of
macrophage-associated FasL in disease states such as HIV in-
fection in which enhanced T cell apoptosis and depletion oc-
cur. Previous in vitro studies from our group demonstrated
that infection of MDM with monocytotropic strains of HIV
upregulates FasL mRNA and their ability to trigger apoptosis
of susceptible CD4 T cells (14, 30). Using this in vitro model

Figure 7. Tissue FasL and tissue 
apoptosis are augmented in 
lymph nodes from HIV positive 
patients. Paraffin sections of 
lymph nodes from HIV(2) and 
HIV(1) tissues were stained si-
multaneously with anti-FasL 
(NOK-1 PE) and by TUNEL as-
say to detect apoptosis. (A) Rep-
resentative sections of lymph 
nodes from three HIV(2) tis-
sues (upper panels) and three 
HIV(1) tissues (lower panels) 
show apoptosis detected by 
TUNEL assay (green, left pan-
els), and FasL detected by
NOK-1 PE (red, right panels). 
Left and right panels are the 
same sections viewed under dif-
ferent filters. (B) Results from 
the analysis of all three HIV(2) 
and all three HIV(1) tissues as 
reviewed by three blinded re-
viewers and plotted and ana-
lyzed by linear regression. Open 
circles represent data from 
HIV(2) tissues and closed cir-
cles data from HIV(1) tissues. 
Spearman correlation coefficent 
r 5 0.761, P , 0.001.
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we first addressed whether HIV modulates FasL through tran-
scriptional independent mechanisms, as FasL undergoes post-
translational upregulation by matrix metalloproteinases (33,
42); enzymes shown to be upregulated by HIV infection (41).
Results from our studies indicated that there was no detectable
HIV-specific upregulation of the processing of the membrane-
bound FasL into soluble form. This suggests that the increase
in membrane-bound FasL in HIV-infected MDM is secondary
to transcriptional upregulation of the gene, as previously
shown by our group (30). This is relevant to the potential dele-
tion of CD4 T cells by MDM, as previous studies have demon-
strated that membrane-bound, rather than soluble FasL, is
more effective in inducing apoptosis of Fas-susceptible Jurkat
T cells (50). Moreover, we have previously demonstrated that
induction of Fas-dependent apoptosis of susceptible CD41 T
cells by HIV-infected MDM requires cell-to-cell contact (14),
even though soluble FasL is significantly increased in the su-
pernatant of HIV–MDM cells. Future studies should aim at
identifying how HIV infection results in the transcriptional
regulation of the FasL gene.

A second group of in vitro experiments addressed whether
the in vitro HIV-dependent upregulation of FasL was medi-
ated by direct HIV infection, or indirectly by HIV-dependent
mechanisms. Using double immunostaining techniques, we
have concluded that both mechanisms must be involved. Both
p241 and p242 MDM present within HIV-infected MDM cul-
tures express increased levels of FasL proteins, suggesting that
soluble products present in HIV-infected cultures, in addition
to direct HIV infection of the cell may play a role in increasing
FasL expression. In this regard, CD4 activation by gp120 has
been recently shown to increase FasL protein expression in
monocytes (51) and to increase FasL gene transcription
through the upregulation of the FasL gene enhancer-promoter
region (52). Whether other HIV-soluble proteins and/or cy-
tokines/chemokines that are produced by MDM after HIV in-
fection also upregulate FasL transcription and protein expres-
sion needs to be addressed (53).

Having advanced our understanding of the cell-specific ex-
pression of FasL by macrophages and the regulation of its ex-
pression by HIV infection in in vitro models, we next wanted
to translate these observations and their potential relevance to in
vivo circumstances. Using specific immunostaining techniques,
it was possible to demonstrate that within nondiseased lym-
phoid organs and tissues from control individuals a constitu-
tive level of FasL was present in tissue macrophages (CD681)
but not in dendritic cells (S100); closely paralleling the in vitro
findings. Whereas, only a minority of CD681 cells expressed
FasL in control tissue, the majority of CD681 cells present in
lymphoid organs from HIV-infected patients expressed FasL.
Technical limitations have limited our ability to perform dou-
ble in vitro PCR of HIV RNA and immunostaining for FasL;
however, the fact that . 80% of CD681 cells express FasL sug-
gests that expression of this protein is not directly related to
HIV infection of the host cell, especially when , 1% of tissue
macrophages have been identified to contain HIV and tissue
macrophages are estimated to be the source of , 1% of the
lymphoid tissue pool of HIV (54, 55). It is therefore plausible
that indirect mechanisms triggered by HIV infection rather
than solely direct HIV infection are responsible for FasL up-
regulation, as suggested and discussed for the in vitro studies
addressing this question.

Due to the striking similarities observed so far between the

in vitro and in vivo studies we next pursued whether the pre-
sumed HIV-dependent gene transcription of the FasL gene
could be detected in vivo using hybridization techniques. FasL
mRNA was observed in a number of cells in lymphoid tissue
from control HIV-negative individuals, confirming the basal
level of FasL protein expression in lymphoid organs. More rel-
evant to the focus of this study was the observation that a sig-
nificant large number of cells per field of lymphoid tissue from
HIV-positive individuals expressed FasL mRNA, suggesting
that the upregulation of FasL in vivo is likely responsible for
the increased FasL protein expression in lymphoid tissue from
HIV-positive individuals. Of interest, the morphological phe-
notype of FasL mRNA containing cells was not only restricted
to macrophages, but also to cells of lymphocyte morphology.
The apparent discrepancy between enhanced FasL mRNA
level in these different immune cells and the restriction of
FasL protein expression to tissue macrophages could be ex-
plained by at least two mechanisms. One is the limitation in
the sensitivity of the immunostaining technique as compared
to the in situ hybridization. It is plausible that cells other than
tissue macrophages also express FasL protein, especially in
lymphoid tissue from HIV-positive patients, but the sensitivity
of FasL immunostaining enables only the detection of FasL
protein in those cells with higher levels of expression, such as
tissue macrophages. Alternatively, FasL transcription may be
enhanced not only in macrophages but in other immune cells,
but cell-specific differences with regard to the translational
regulation of FasL protein could result in different levels of
membrane protein expression.

The relevance of the enhanced FasL expression in lym-
phoid tissue from HIV-positive patients was addressed using
apoptosis as a functional endpoint. The correlation between
the number of FasL-expressing cells and the number of apop-
totic cells within the same field points to the participation of
Fas/FasL interactions in the high degree of lymphoid tissue
apoptosis that was observed in HIV-positive patients. The role
of apoptosis in causing the T cell depletion that results in HIV-
positive patients has remained highly controversial; even
though a defined molecular mechanism(s) responsible for this
T cell depletion remains to be established. While our study’s
main aim was to investigate the correlation between the ex-
pression of FasL in macrophages and its regulation by HIV in-
fection both in vitro and in vivo, additional preliminary data
demonstrated a parallel between the degree of tissue apoptosis
and FasL, which need to be followed by a more detailed analy-
sis of the nature of the cells within lymphoid tissue that are un-
dergoing apoptosis. Preliminary results indicate that the apop-
totic cells are not CD681, suggesting that cells other than tissue
macrophages such as lymphocytes may be the ones undergoing
apoptosis. However, further attempts to identify the apoptotic
cells phenotype were unsuccessful and studies are ongoing to
address this issue. In fact, other investigators have concluded
that cells extracted from lymphoid tissue from HIV(1) indi-
viduals, rather than directly staining fixed tissue as used in our
study, have a high degree of apoptosis which can be observed
in both CD4 and CD8 T cells (56). It is therefore possible that
the findings from our study may provide a useful model in
which it can be determined whether Fas/FasL interactions play
or not play a role in T cell depletion in HIV-infected patients.
If the increase in FasL protein levels in lymphoid tissue from
these patients is in direct correlation with increased T cell apop-
tosis, both of which may be virus dependent, future studies
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should evaluate whether decreasing viral load using highly ac-
tive antiretroviral therapy significantly modifies Fas/FasL in-
teractions in vivo and their correlation with lymphoid tissue
apoptosis and peripheral T lymphocyte levels.
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