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Abstract
Fas ligand (FasL/CD95L), a member of the tumor necrosis
factor family, interacts with a specific receptor Fas, ultimately
leading to cell death. Tumor expression of FasL has been
proposed to aid in immune evasion through a ‘‘Fas counterattack’’ mechanism but has also been described as a
proinflammatory factor. Here, we tested the role of FasL in a
mouse model of spontaneous tumor development. We used the
Min mouse in which multiple benign polyps develop in the
intestine due to a mutation in the Apc tumor suppressor gene.
Mutant mice deficient in functional FasL, termed gld/gld, were
crossed to Min mice to generate tumor-prone animals lacking
functional FasL. Comparison of FasL-deficient versus proficient Min mice revealed a significant increase in polyp
number in the gld/gld mice. We next assessed immune cell
infiltration into adenomas. There was no difference in the
number of either lymphocytes or macrophages; however, the
number of tumor-infiltrating neutrophils was 3-fold lower in
the gld/gld specimens compared with controls. Neutrophil
migration in vitro was stimulated by wild-type but not mutant
FasL. In a nontumor-bearing colitis model in vivo, neutrophil
recruitment to the intestine was also reduced in gld/gld mice.
Although the Fas counterattack hypothesis suggests that the
absence of FasL would result in increased immune-mediated
tumor elimination, the opposite is true in the Min model with
lack of functional FasL associated with reduced neutrophil
influx and increased tumor development. Thus, the proinflammatory rather than counterattack role of tumor FasL is
more relevant. [Cancer Res 2007;67(10):4800–6]

Introduction
Fas ligand (FasL/CD95L) is a type II transmembrane protein that
can also be found in a soluble form through the action of
metalloproteinases (1–3). Its expression was initially associated
with lymphoid cells where it is important in maintaining T-cell
homeostasis through a process known as activation-induced
cell death (4). FasL expression has also been described in epithelial
cells, particularly in sites of immune privilege. The receptor for
FasL, Fas, is ubiquitously expressed (5). Canonical signaling
through the Fas receptor triggers the formation of the deathinduced signaling complex that results in activation of the
proximal caspase caspase-8 and subsequent activation of a caspase
cascade, ultimately leading to execution of the apoptosis program
(6). Mice with a spontaneous mutation of the FasL gene have been
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described (7). Originally, the mutated gene was unidentified and
the mice were named for their phenotype of generalized
lymphoproliferative disorder (gld; ref. 8). The phenotype of
enlarged thymus and lymph nodes as well as splenomegaly is
due to an inability to remove lymphoid cells, and the resulting
autoimmune disease leads to animal death at f6 months of
age. Once the target gene was identified, the nature of the mutation
was revealed. In the gld allele of FasL, there is a point mutation
that changes the amino acid phenylalanine to leucine, thus
abrogating ligand-receptor binding (7, 9). Hence, mice carrying
the mutation express FasL; however, it is nonfunctional as it is
unable to bind Fas.
Expression of FasL is widely reported in tumor cells where it has
been suggested as a mechanism of counteracting immunosurveillance (10–13). The ‘‘Fas counterattack’’ is a controversial hypothesis
whereby FasL on the surface of tumor cells ligates Fas receptor
expressed by infiltrating lymphocytes, leading to their death and
thus disarming of the host immune response (11, 14). Additional
roles for FasL have been described (e.g., as a chemotactic molecule;
refs. 15–18). Such a role would be expected to have an opposite
result to the Fas counterattack, whereby enhanced infiltration of
tumors by immune cells may more efficiently clear a nascent
tumor.
ApcMin/+ is a mouse model that resembles the human familial
adenomatous polyposis syndrome (19). In this mouse model, a
mutation at residue 850 in the Apc gene was induced and selected
during a random ethylnitrosourea mutagenesis screen (20). APC is
a tumor suppressor and regarded as a gatekeeper for intestinal
tumorigenesis. Mutations in APC or other protein components of
an APC complex prevents degradation of h-catenin, leading to its
nuclear accumulation and expression of Wnt target genes.
Ultimately, this results in the development of numerous benign
polyps predominantly in the small intestine. Progression to
malignancy is not usually observed in ApcMin/+ mice as animals
become moribund due to occlusion of the intestinal tract and
development of anemia.
Our goal was to use this spontaneous model of early tumor
development to examine a role for the Fas counterattack in the
genesis and outgrowth of ApcMin/+ tumors. The Fas counterattack
hypothesis proposes that tumor FasL expression is responsible for
destruction of any infiltrating immune cells, thus allowing
unchecked outgrowth of the tumor. We therefore expected that
tumor cells in the animals carrying only nonfunctional gld alleles
of FasL would not be able to launch an effective counterattack
and hence would be destroyed by patrolling immune cells. Instead,
we observed higher tumor frequency in the gldxMin animals
compared with control Min animals with no changes in variables,
such as proliferation or tumor apoptosis. This correlated with
reduced infiltration of the tumors by neutrophils and suggests that
the chemotactic activity of FasL is of relevance in this benign
intestinal cancer model.
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Materials and Methods
Animals. All studies were conducted following review and approval
by the Institutional Animal Care and Use Committee. ApcMin/+ and
gld/gld mice (both on C57BL/6J background) were purchased from The
Jackson Laboratory. Male ApcMin/+ were bred with gld/gld females and
resulting male ApcMin/+;gld/+ were crossed with female gld/+ to generate
ApcMin/+;gld/gld, ApcMin/+;gld/+, and ApcMin/+;+/+ progeny of both sexes that
were put on study. Once weaned, all study mice were placed on a high-fat
diet (#5015; Purina Mills, Inc.) to enhance tumorigenesis. At 17 weeks of
age, study mice were euthanized and the intestines were removed, rinsed in
PBS, formalin fixed, and then cut open longitudinally. Polyps were counted,
their location was noted, and measure of diameter was obtained by two
observers (K.J.C. and B.F.) blinded to the genotype of the specimen.
Once counting was completed, polyps were excised and embedded in
paraffin. For the microadenoma study, 4- to 5-week-old mice were used.
Study mice were euthanized, and intestines were removed and rinsed in
PBS. The intestines were cut longitudinally and ‘‘jelly rolled’’ as described
previously (21).
Immunohistochemistry. Tissues were fixed in 10% buffered formalin
before embedding in paraffin. For FasL localization, anti-FasL (clone A11;
Alexis Biochemicals) was used. Microadenomas were identified in jelly
rolled 4-week-old intestines by h-catenin immunostaining as has been
described (21). Neutrophils were detected using a rat monoclonal antineutrophil antibody (AbD Serotec); for macrophages, a rat monoclonal antiF4/80 antibody (AbD Serotec) was used, whereas for proliferation markers
rabbit anti-proliferating cell nuclear antigen (PCNA; Sigma) and Ki67
(DAKO) were used. Apoptosis was assessed using anti-cleaved caspase-3
antibody (Cell Signaling Technology, Inc.), and terminal deoxynucleotidyl
transferase–mediated dUTP nick end labeling (TUNEL) analysis was done
with the ApopTag In Situ Peroxidase Staining kit (Chemicon). Immunostained slides were counterstained with Mayer’s hematoxylin (Sigma).
Quantification of staining was achieved by counting the number of positive
cells per unit area in multiple high-powered (40) views of each slide using
ImageJ software.
Flow cytometric evaluation of bone marrow leukocytes. Cells were
obtained by flushing the marrow cavity of femurs isolated from 9-week-old
wild-type (WT) or gld/gld C57BL/6 mice with PBS. RBCs were lysed using
Pharmalyse (BD Biosciences). Cells (1  107) were resuspended in 50 AL
aliquots of cold fluorescence-activated cell sorting buffer [1% bovine serum
albumin (BSA) in PBS] and incubated for 20 min on ice with anti-CD16/
CD32 (BD Biosciences) and then for a further 30 min with fluorophorelabeled antibodies to specific cell surface markers. The antibodies used
were Alexa Fluor 488 anti-Gr-1 (BD Biosciences), Alexa Fluor 700 anti-B220
(BD Biosciences), phycoerythrin (PE)-Cy5.5 anti-CD4 (eBioscience), PE antiCD8 (eBioscience), and PE-Cy7 anti-CD11b (eBioscience). Additional bone
marrow samples were incubated with anti-CD45 (AbD Serotec) followed by
Alexa Fluor 488 anti-rat antibody. The stained cells were analyzed on a
Becton Dickinson LSRII operated through the Vanderbilt flow cytometry
core lab.
Isolation and activation of splenocytes. Splenocytes were harvested
from 7-week-old male WT or gld/gld C57BL/6 mice using a method
described previously (2). Single-cell suspensions were incubated in the
presence of 10 Ag/mL concanavalin A for 16 h, which was then removed by
incubation with 100 Ag/mL methyl-a-D-mannopyranoside for 20 min and
rinsing in RPMI 1640. Cells were incubated for a further 48 h in RPMI 1640
containing 5 ng/mL recombinant interleukin-2 (Sigma).
To assess antitumor activity of the activated T cells, T cells were
incubated with NMuMG murine mammary cells at an E:T ratio of 2:1 for 8 h
at 37jC. The T cells were aspirated and the NMuMG monolayers were
washed several times with PBS to ensure all T cells were removed. The cells
were then incubated for a further 12 h in complete growth medium, after
which they were harvested, washed in PBS containing 5 mmol/L EDTA, and
fixed in 70% ethanol. Samples were incubated with 50 Ag/mL RNase A for
30 min at room temperature before staining with 50 Ag/mL propidium
iodide. Analysis of DNA content as measured using a BD FACStar flow
cytometer was done using FlowJo software.
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To assess response of isolated T cells to an apoptotic stimulus, equal
numbers (5  105) of activated T cells were incubated for 16 h at 37jC with
RPMI 1640 supplemented with 100 ng/mL recombinant soluble FasL (Alexis
Biochemicals). The cells were then harvested and stained with FITCAnnexin V (R&D Systems). Stained cells were measured using a BD FACStar
flow cytometer.
Colitis induction by dextran sodium sulfate. Dextran sodium sulfate
(DSS; molecular weight, 36–50,000; MP Biomedicals, Inc.) was used to
prepare a 4% solution in water. This was supplied to 8-week-old WT or
gld/gld male C57BL/6 mice in place of drinking water for 7 days. The mice
were weighed daily and checked for bleeding. After 7 days, the animals were
euthanized and the colons were excised and flushed with PBS. Small
(0.5 mm) pieces were fixed in 10% formalin to enable histologic assessment.
The rest of the tissue was minced and incubated for 2 h at 37jC with a
freshly prepared tissue digestion solution containing 0.1% (w/v) collagenase
(Sigma), 0.025% (w/v) DNase (Sigma), 2% (v/v) dispase (BD Biosciences), and
1% (w/v) BSA (Sigma) in PBS. Following digestion, 1  107 cells per sample
were incubated with Alexa Fluor 488–labeled anti-Gr-1 antibodies before
flow cytometric analysis as described above.
FasL and FasLgld overexpression. Splenocytes from WT and gld/gld
mice were isolated as described above. Total RNA was extracted using
RNeasy (Qiagen). Each RNA (1 Ag) was reverse transcribed and the product
was PCR amplified using primers for FasL FLAG-tagged at the 5¶-end and
containing restriction sites for BamH1 and HindIII at the 5¶-end and 3¶-end,
respectively. The PCR products were subcloned into the pcDNA3.1
expression vector and identity was confirmed by sequencing. Empty vector
or vectors containing FasL or FasLgld were transfected using Fugene (Roche)
into HCT116 cells [American Type Culture Collection (ATCC)]. Selection of
stably expressing cells was achieved using 800 Ag/mL G418 (Invitrogen).
Migration assays. Human embryonic kidney 293 cells (3  105; ATCC) in
regular growth medium [DMEM with 10% fetal bovine serum (FBS)] were
plated in each of the lower wells of a 24-well Transwell tissue culture plate
(pore size, 3 Am; Costar) and allowed to adhere for 14 h in a 37jC incubator.
The medium was then replaced with 0.2 mL/well reduced serum medium
(DMEM with 2% FBS) containing 10 Ag/mL NOK-2 human FasL neutralizing
antibody (BD Biosciences) or isotype control (BD Biosciences) and
incubated for 2 h. Meanwhile, neutrophils were isolated from whole blood
collected from C57BL/6 mice as has been described (22). Differential
staining of the leukocyte population using Hema-Quik II (Fisher Scientific)
indicated that f85% were neutrophils. Leukocytes (1  106) in a volume of
0.2 mL serum-free medium were added to the upper chambers of the
Transwell system and the plate was incubated at 37jC for 45 min. The
filters were fixed in 10% formalin before staining with Giemsa. They were
then mounted on slides and the number of cells that had migrated to the
undersides of the each filter was counted by microscopic examination of 10
fields per filter under a 40 objective lens. For the HCT116 experiment, cells
transfected with vector only, murine FasL, or murine FasLgld as described
above were plated in the bottom of the Transwell plates at a density of
5  105 per well. After adherence, the medium was changed to include
either the K10 murine FasL neutralizing antibody (BD Biosciences) or
isotype control at 10 Ag/mL as before.
Statistical analysis. Comparisons of differences between two sets of
samples were analyzed for significance at the 95% confidence level using
Student’s t test. For analysis of greater than two sets of samples, ANOVA
with the Bonferroni post hoc test was used. All analyses were done using
GraphPad Prism 4 software.

Results
FasL is widely expressed in Min tumors. Expression of FasL
was originally described as being limited to cells of the
hematopoietic system (23); however, more recent analysis has
suggested that expression is actually more widespread (5),
including in normal human intestinal epithelium (24). To
determine if FasL is present in the intestinal polyps that arise in
ApcMin/+ mice, we did immunohistochemistry using an anti-mouse
FasL antibody (Fig. 1A). Multiple polyps from three different
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Figure 1. FasL is expressed in intestinal tumors but its removal enhances
tumor development. A, example of an intestinal adenoma from a 17-wk-old
Min mouse showing strong expression (brown stain ) in epithelial cells. Bottom,
staining seen with a nonspecific isotype control antibody. Hematoxylin was used
as a nuclear counterstain. B, tumor number in the small intestine in cohorts of
17-wk-old Min mice either positive (Control ; n = 20) or negative for functional
FasL (gld/gld ; n = 22). C, proliferation index determined by counting numbers
of PCNA-positive cells per total cell number in tumor sections isolated from
17-wk-old Min mice positive (Control ; n = 8) or negative (gld/gld ; n = 9) for
functional FasL. D, apoptotic index determined by counting numbers of cleaved
caspase-3–positive cells per unit area in tumor sections from 17-wk-old Min mice
positive (Control ; n = 12) or negative (gld/gld ; n = 8) for functional FasL.

ApcMin/+ mice each stained strongly for FasL expression in the
intestinal epithelium. The staining in the tumors was significantly
more intense than in adjacent normal epithelium. Because FasL
was expressed in the tissue and its levels correlated with tumor
development, we next used mice deficient in functional FasL
(gld/gld) to test whether this protein functionally contributed to
tumorigenesis.
The number of adenomas is significantly increased in
ApcMin/+ gld/gld mice. Male and female mice all carrying the
Min allele and WT, heterozygous, or double mutant for the gld
allele of FasL were maintained on a high-fat diet for 14 weeks after
weaning, after which the mice were sacrificed and the intestines
were removed. Following rinsing, the small intestines and colons
were examined under a dissecting microscope for the presence of
visible polyps, taking care not to include Peyer’s patches. An initial
comparison among the three different FasL genotypes indicated
that there was no discernible difference between WT and
heterozygous. For this reason, all future comparisons were made
between gld/gld and controls consisting of WT and heterozygous.
After analyzing at least 20 mice in each group, a significant increase
in polyp number in the gld/gld mice compared with the control
group was evident (P = 0.0095; Fig. 1B). Evaluation of the sizes of
the polyps revealed no difference in size distribution between the
groups (control = 91.72 F 7.5% V 2 mm; gld/gld = 88.98 F 7.2%
< 2 mm; P = 0.36). As the size was not different, we did not
anticipate that there would be differences in proliferation or
apoptosis rates; nevertheless, we assessed these using PCNA and
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Ki67 immunostaining for proliferation and TUNEL and cleaved
caspase-3 immunohistochemistry for apoptosis. Neither proliferation nor apoptosis as determined by any variable was significantly
different between the two groups (data not shown; Fig. 1C and D).
Infiltration of inflammatory cells into adenomas. Because
FasL is considered of importance in regulation of immune cell
homeostasis (4) and potentially immunosurveillance (25), we
assessed the degree of infiltration by particular subpopulations of
immune cells. This was accomplished by immunohistochemical
staining using specific antibodies in multiple tumor sections from
both gld/gld and controls. There was no difference in macrophage
numbers between the two groups (Fig. 2A). In addition, contrary to
what may be anticipated from the counterattack theory where
lymphocytes would be killed by FasL-expressing tumors, there
was no significant difference in the number of lymphocytes
detected in tumors positive or negative for functional FasL
(Fig. 2B). In contrast to other leukocytes, neutrophils were found
to be differentially present. The number of neutrophils was 3-fold
lower in the gld/gld specimens in comparison with the control
group (Fig. 2C). To determine if this difference in neutrophil influx
was established from the earliest stages of tumor development, we
focused on the microadenoma stage when tumors are just
beginning and involve fewer than five intestinal crypts. Tumors
at this stage are not obvious and so an immunohistochemical
approach was used to detect them. Tumors in ApcMin/+ mice are
characterized by loss of heterozygosity at the Apc locus, resulting in

Figure 2. Effects of loss of functional FasL on tumor infiltration by leukocytes
and on microadenoma development. A, macrophages were immunostained
using anti-F4/80 on tumor sections isolated from 17-wk-old Min mice positive
(Control ; n = 10) or negative (gld/gld ; n = 8) for functional FasL. Percentage
of cells per unit area that were F4/80 positive. B, T cells were immunostained
using anti-CD3 on tumor sections isolated from 17-wk-old Min mice positive
(Control ; n = 10) or negative (gld/gld ; n = 7) for functional FasL. Percentage of
cells per unit area that were CD3 positive. C, neutrophils were immunostained
using antineutrophil on tumor sections isolated from 17-wk-old Min mice
positive (Control ; n = 8) or negative (gld/gld ; n = 11) for functional FasL.
Percentage of cells per unit area that were neutrophil positive. D, neutrophils
within microadenomas were counted in serial sections immunostained for
h-catenin and neutrophils from jelly rolls of the distal small intestine were
harvested from 4- to 5-wk-old Min mice positive (Control ; n = 14) or negative
(gld/gld ; n = 9) for functional FasL. Average number of neutrophils per
microadenoma calculated after staining a minimum of four lesions per mouse.
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Figure 3. Lymphocytes from gld/gld mice maintain cytotoxic activity.
A, splenocytes from six each WT or gld/gld mice were isolated and activated as
described in Materials and Methods and incubated at an E:T ratio of 2:1 with
the murine tumor cell line NMuMG. The NMuMG cells were harvested and
stained with propidium iodide before analysis by flow cytometry. The percentage
of cells with sub-G1 (2N) DNA was calculated for a control culture not exposed to
T cells or cultures exposed to T cells from each of the WT or gld/gld mice.
Fold increase in apoptosis observed in the T-cell–exposed cultures compared
with the nonexposed cultures. B, activated T cells from six each WT or gld/gld
mice were incubated for 16 h with recombinant soluble FasL, after which the cells
were harvested, stained with FITC-conjugated Annexin V and propidium
iodide, and analyzed by flow cytometry. Percentage of apoptotic cells in control,
untreated cultures versus those exposed to FasL. Squares and solid lines,
samples from WT mice; triangles and dashed lines, samples from gld/gld mice.

only mutant APC protein that cannot target h-catenin for
degradation (26). Hence, h-catenin accumulates in the cells and
can be easily detected by immunostaining with a specific
monoclonal antibody. Evaluation of the numbers of microadenomas in random fields from either control or gld/gld Min mice
indicated that the number of early lesions was approximately
equivalent between the two groups [0.52 F 0.65 versus 0.31 F 0.25
tumors per section; P = not significant (NS)]. Analysis of neutrophil
number within these early lesions also showed no differences
between the genotypes; they were uniformly low (Fig. 2D). Hence,
the difference in neutrophil influx to the Min adenomas occurs at a
later stage than during microadenoma development.
Lymphocytes from gld/gld mice maintain tumor-killing
activity. Because there were increased numbers of tumors evident
in the gldxMin mice compared with control Min mice, we
investigated whether this could be attributed to reduced cytotoxic
activity of T cells. Splenocytes were isolated from age- and sexmatched WT and gld/gld mice. After activation, equal numbers of
T cells were added to cultures of an allotypic murine tumor cell
line, NMuMG, which we have previously shown to be sensitive to
T-cell killing in vitro (27). Following a period of coculture, the
T cells were removed and the tumor cells were washed, incubated
for a further 12 h, harvested, and stained with propidium iodide to
determine the percentage of cells undergoing apoptosis. As shown
in Fig. 3A, the T cells from the gld/gld mice did not show a reduced
capacity for inducing apoptosis in tumor cells (P = NS). It has been
previously reported that gld/gld T cells show potent cytotoxic
activity against renal cancer cells (28), which is mediated
predominantly through the perforin/granzyme B pathway.
To further assess the T cells from gld/gld mice, we examined
their ability to undergo apoptosis. Normally, activated T cells
undergo a process of activation-induced cell death that serves to
limit circulating numbers of cells following cessation of an immune
stimulus (4). In mice deficient for FasL, this process does not occur
because FasL is required; however, it has been shown that
introduction of adenoviral FasL in vivo will induce lymphocyte
death in gld/gld mice (29). We incubated the activated T cells
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obtained from WT and gld/gld mice with recombinant soluble FasL
and assessed levels of T-cell apoptosis using Annexin V staining. As
expected, levels of cell death achieved were not extremely high
because it is known that the soluble version of FasL is significantly
less potent than the transmembrane version (1). Nevertheless, both
the gld/gld cells and their WT counterparts responded similarly to
this relevant apoptotic stimulus (P = NS; Fig. 3B). Together, these
results indicate that the enhanced tumor growth observed in the
gldxMin mice cannot be simply attributed to a defective immune
response.
FasL, but not the gld mutant, causes neutrophil migration
in vitro. The reduced number of neutrophils in the gld/gld versus
control Min mice implies that FasL can stimulate neutrophil
migration as has been previously suggested (15). To test this, we did
a simple migration assay using human embryonic kidney cells as
they represent a normal, although immortalized, epithelial cell that
expresses FasL protein (Fig. 4A). The cells were plated in the lower
chambers of a 24-Transwell plate in the presence of human FasL
neutralizing antibody or isotype control. Meanwhile, neutrophils
were isolated from C57BL/6 mice. Differential staining of the
leukocyte population obtained revealed that f85% were neutrophils (data not shown). The freshly isolated leukocytes were added
to each of the upper chambers of the Transwell system. Following
incubation, the filters were fixed and stained, after which the
number of cells that migrated to the underside of each filter was

Figure 4. FasL, but not the mutant gld version, induces neutrophil migration
in vitro. A, Western blot showing endogenous expression of FasL (molecular
weight, f43 kDa) in total cell lysate prepared from the human embryonic kidney
cell line 293. B, polymorphonuclear (PMN ) cells freshly isolated from murine
whole blood were incubated for 45 min at 37jC in the top chamber of a Transwell
plate in which 293 cells in the presence of a nonspecific isotype control antibody
(control) or the human FasL neutralizing antibody NOK-2 (anti-FasL) had been
plated in the lower chamber. Total number of PMN detected by Giemsa staining
on the underside of the filters in 10 high-powered views per well (n = 3 each
condition). C, the human HCT116 colon adenocarcinoma cell line was
transfected with constructs containing WT murine FasL (FasL ), gld mutant
murine FasL (gld ), or empty vector (vector ) and the cells were plated in four or
eight (FasL) wells each of the bottom of a Transwell plate. Nonspecific isotype
control antibody was added to all wells, except for four that received the mouse
FasL neutralizing antibody K10. Freshly isolated murine PMN was added to
the top chambers and the plates were incubated for 1 h at 37jC, after which PMN
on the undersides of the filters was stained with Giemsa and enumerated in
four high-powered fields (HPF ) per well. Average number of migrated PMN per
high-power field for each condition.
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Figure 5. Neutrophil infiltration of colonic
tissue is attenuated in the absence of
functional FasL. A, bone marrow was
harvested from 9-wk-old WT (black ) or
gld/gld (gray ) C57BL/6 mice and stained
with fluorophore-conjugated antibodies
against the T-cell markers CD4 and CD8,
the B-cell marker B220, the granulocyte
marker Gr-1, and the monocyte marker
CD11b. The percentage of total cells that
were also positive for each of the other
markers is shown for samples from each
genotype (n = 3/genotype). B, 8-wk-old
WT (black ) or gld/gld (gray ) C57BL/6
mice were placed on a DSS treatment
regimen for 7 d, after which the colons
were harvested and processed for
immunostaining with Alexa Fluor 488–
labeled anti-Gr-1 antibody. Percentage
of total cells analyzed that were positive for
the neutrophil marker (n = 4/genotype).
C, sample histology (H&E stained) of colon
tissue harvested from DSS-treated WT
(left ) and gld/gld (right ) animals.

counted. The presence of the neutralizing antibody almost halved
the number of migrated cells (17.7 F 4.73 versus 9.3 F 0.58;
Fig. 4B), indicating that FasL does influence neutrophil migration.
We used the same type of assay to investigate whether the
Fas/FasL interaction is required for neutrophil chemoattraction.
Full-length WT and gld mutant FasL sequences were amplified
from splenic RNA of WT and gld/gld C57BL/6 mice, respectively.
The cDNAs were subcloned into an expression vector and then
transfected into the human colonic tumor cell line HCT116. This
human colonic adenocarcinoma cell line expresses human FasL.
Two clones each of vector-transfected, murine FasL–transfected,
and gld-transfected HCT116 cells were plated in triplicate wells of a
24-well tissue culture plate. An extra set of wells was coated with
the FasL-transfected clones for neutralization with the K10 antimouse FasL neutralizing antibody. The following day, freshly
isolated murine neutrophils were put in the upper chambers of the
plate and the whole apparatus was incubated for 1 h at 37jC. As
before, the number of neutrophils in multiple different high-power
fields per filter was counted and the averages were compared.
HCT116 cells transfected with FasL showed a statistically
significant 25% increase in the number of neutrophils migrated
when compared with vector- or gld-transfected clones (Fig. 3C).
Inclusion of the K10 anti-mouse FasL neutralizing antibody
prevented the increased migration. All wells showed a background
level of migration likely due to the human FasL protein expressed
by HCT116 cells. These data suggest that the neutrophil migration
stimulated by FasL is dependent on the ability of the ligand to
directly interact with its known receptor Fas on neutrophils.
Neutrophil migration is reduced in vivo. To directly test
whether the gld/gld mutant FasL mice were impaired in neutrophil
recruitment as suggested by the in vitro assays, we decided to use a
direct inflammatory stimulus in the intestine. However, we first
needed to exclude the possibility that basal levels of neutrophils
were lower in the gld/gld mice. We therefore analyzed bone marrow
isolated from 9-week-old WT or gld/gld C57BL/6 mice for
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expression of hematopoietic and myeloid lineage-specific cell
surface markers using flow cytometry. The markers used were
CD45 to determine the overall number of leukocytes in the marrow,
CD4 and CD8 for T cells, B220 for B cells, Gr-1 for granulocytes,
including neutrophils, and CD11b for monocytes. As can be seen
in Fig. 5A and B, the distribution of the different lineages was
equivalent in the presence or absence of functional FasL. Only
the B220+ (B cell) and CD4+/CD8+ (T cell) populations showed
increases in the gld/gld samples, although these were not
significant at this age. Such increases would not be surprising
given the lymphoproliferative phenotype associated with the gld
mutation.
Having established that the gld mutant mice were indistinguishable from the WT in terms of neutrophil progenitors, we next
tested whether the mobilization of neutrophils into the intestinal
tissue was affected in the absence of an oncogenic mutation, such
as ApcMin . For this experiment, we used short-term treatment with
the inflammation-promoting agent DSS. When DSS is administered
in drinking water for 7 days, animals develop an intense
inflammatory response within the colorectal region (30). Cohorts
of 8-week-old male WT or gld/gld C57BL/6 animals were treated
with 4% DSS in drinking water for 1 week. We then collected the
colonic tissue and used flow cytometry to determine the number of
GR-1–positive cells (neutrophils) per total cell population for each
mouse. The number of neutrophils within the colonic tissue
was significantly reduced in the gld/gld samples (Fig. 5C). This
correlated with a less severe inflammatory response to the DSS
treatment as assessed by body weight change (data not shown) and
histologic appearance (Fig. 5D).

Discussion
Increased expression of a death-inducing protein, such as FasL,
in tumors has been regarded as evidence for a tumor-induced
antihost response, termed Fas counterattack (31). Here, we have
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used a spontaneous model of intestinal tumor development to
assess whether the Fas counterattack has a role in the
tumorigenic process. We show that, in tumor-prone animals
deficient in functional FasL, tumor multiplicity is higher. If the
counterattack hypothesis prevailed in this setting, we would
predict that lack of epithelial FasL would allow infiltrating T cells
to target and remove nascent tumors; thus, tumor number would
be lower in the gldxMin mice. In addition, we observed similar
numbers of T cells in Min tumors irrespective of the FasL status;
however, neutrophil number was decreased in the absence of
functional FasL. We then confirmed using both in vitro and
in vivo approaches that expression of the mutant FasL is
associated with reduced neutrophil influx. In sum, these data
suggest that the chemotactic activity of FasL is more relevant for
tumor development than the proposed counterattack, at least in
this setting.
Much of the evidence for the Fas counterattack concept comes
from correlative studies in which immunostaining of human
tumor tissue sections showed FasL-expressing tumor cells juxtaposed to T cells apparently undergoing apoptosis (12, 31, 32).
Additionally, in vitro experiments where activated T cells were
added to cultures of FasL-expressing tumor cells showed induction
of apoptosis in the lymphocytes (33). The theory is controversial
partly because of technical questions about reagents used, such as
antibodies and T-cell lines highly sensitive to Fas-mediated
apoptosis (14, 34). There have been several attempts using in vivo
animal models to functionally test the concept; however, the
results have been ambiguous (12, 17, 18, 35, 36). Frequently,
researchers have used tumor cells engineered to overexpress FasL
and implanted these, usually s.c., in syngeneic mice. In many cases,
this has resulted in significant neutrophilic infiltration and
rejection of the implanted tumors (17, 18). One article described
a neutrophil-independent negative effect on tumor growth (35).
Interestingly, these researchers showed that their FasL-transfected
tumor cell line (B16 melanoma) was able to induce T-cell
apoptosis in vitro as suggested by the counterattack hypothesis,
but this did not occur in vivo. Instead, the FasL-transfected tumors
grew significantly more slowly in a manner that was not
influenced by neutrophil depletion or by implantation into a
Fas-deficient mouse. A recent article attempted to overcome
possible artifacts due to overexpression of FasL by instead using a
murine colon cancer cell line that endogenously expresses FasL
and comparing this with a FasL antisense-transfected version (36).
These investigators found decreased growth of the antisenseexpressing cells, which was correlated with increased leukocyte
infiltration, a result consistent with the Fas counterattack theory.
Rather than using allograft models in which a large bolus of tumor
cells is introduced into otherwise healthy animals, we chose to
examine a spontaneous model of tumor formation. Because there
is much evidence to suggest that immune surveillance is affected
by a developing tumor systemically as well as locally (37, 38), we
rationalized using an endogenous tumor model would give a
clearer picture of the true effect of a Fas counterattack. In
addition, this model allows for any modifying effects of the
intestinal microenvironment that would not be seen in s.c.
injection models. This is relevant as microenvironmental factors,
such as transforming growth factor-h and extracellular matrix
proteins, have been shown to influence the effects of FasL (39, 40).
Finally, the ApcMin/+ model we have used leads to benign tumor
development in contrast to the rather aggressive malignant disease
that has been examined previously.

www.aacrjournals.org

Similar to the counterattack hypothesis, the role of FasL in
leukocyte recruitment is also controversial. There is evidence from
multiple in vitro and in vivo experiments that expression of FasL is
associated with an inflammatory influx (15, 18, 41–43); however, it
is not clear whether FasL is itself the chemotactic stimulus or
whether cells induced to die through FasL/Fas interaction then
release chemotactic mediators that are directly responsible for
leukocyte migration. If FasL itself is the chemotactic signal, then
one would predict that the soluble version is the relevant molecule
(15, 16). Some in vitro studies supporting this have shown
chemotaxis of leukocytes in response to increasing gradients of
soluble Fas (15, 16). One of the metalloproteinases responsible for
solubilization of FasL, matrix metalloproteinase-7 (2, 3), is overexpressed in Min adenomas (44, 45). Therefore, it is possible that
soluble FasL is generated in the Min tumors. However, several other
investigators have used engineered noncleavable versions of
transmembrane FasL and have shown more robust inflammatory
responses in vivo (42, 46). The noncleavable version is a more
effective death-inducing molecule, hence the concept that it is
dying cells that induce the leukocyte influx. A key argument against
this premise is the idea that apoptosis is regarded as a form of
‘‘silent’’ killing that allows damaged cells to be removed without
inducing an inflammatory response. Our in vitro experiments
would suggest that FasL is itself the chemotactic factor that acts
directly on neutrophils. Migration of the neutrophils occurs within
less than an hour, which is relatively fast if cell death induction and
chemokine production are required. However, these experiments
were not designed to specifically test whether FasL is a direct or
indirect inducer of neutrophil migration and so the results are not
truly informative in this regard. The data from our in vivo
experiment in which we dosed WT or gld/gld mice with DSS to
induce colitis also cannot distinguish between direct and indirect
chemotactic effects of FasL. Significantly, reduced neutrophil influx
into the intestines of DSS-treated gld/gld mice has been reported in
abstract form by another group (47). Conversely, in a different
model of colitis, which was induced by a single local administration
of trinitrobenzene sulfonic acid, gld/gld mice showed more severe
inflammation (48). It is unclear whether differences in the mode of
induction of colitis or perhaps in the animal colony produced the
discordant results.
The increased tumor number in the gldxMin mice correlates
with decreased neutrophil infiltration. This suggests a model
whereby neutrophils recruited by FasL in the WT mice act to
suppress tumor development. In the gld mice where neutrophil
recruitment is significantly diminished, more tumors develop
unchallenged. The role of inflammatory cells in tumor development
is currently a topic of much interest. There is significant data to
suggest that inflammatory cells, particularly macrophages and
neutrophils, can promote tumor progression through their
production of protumorigenic factors, such as vascular endothelial
growth factor and cyclooxygenase-2 (38, 49, 50). The majority of the
data supporting this concept come from human and animal
models of malignant disease. Evidence suggests that factors
secreted by the tumor cells are responsible for converting a
normal host antitumor response into a process that benefits the
tumor (38). In the ApcMin/+ model, the tumors are at a relatively
early stage and may not yet produce the factors responsible for
converting cells to a protumorigenic state. If this is true, we would
anticipate that if these tumors did progress to malignancy, then the
WT tumors harboring increased numbers of neutrophils may
actually become more advanced than the gld tumors. In future
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work, we will use models of malignant intestinal disease to test this
concept as well as whether the Fas counterattack will play a role
in such circumstances. Recent data showing that human colon
tumors with high numbers of infiltrating leukocytes, particularly
T cells, have a significantly improved prognosis (51) make this an
important area of investigation.
In conclusion, we have shown that the Fas counterattack is not
an important process in a well-characterized spontaneous model of
intestinal tumor development. Instead, we find that lack of
functional FasL correlates with decreased neutrophil infiltration
of tumors and overall higher tumor number. We suggest therefore
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