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Our previous studies revealed that, in a murine model of asthma,
mice that received Fas-deficient T cells developed a prolonged phase
of airway inflammation, mucus production, and airway hyperreac-
tivity that failed to resolve even 6 weeks after the last challenge. To
investigate how Fas–Fas ligand (FasL) interaction occurs between
T cells and other cells in vivo, Gld mice with abnormalities of the FasL
signaling pathway were used. The reconstituted mice were made by
transferring T cells from B6 or Gld mice to Rag2/2 or FasL-deficient
Rag2/2 mice. We found that Rag2/2 mice that received B6 T cells
resolved the airway inflammation, whereas FasL-deficient Rag2/2

mice that received Gld T cells developed a prolonged airway in-
flammation at Day 28, with decreased IFN-g production. Both FasL-
deficient Rag2/2 mice that received B6 T cells and Rag2/2 mice that
received Gld T cells also had completely resolved their airway
inflammation by Day 28 after challenge. Interestingly, FasL-deficient
Rag2/2 mice that received Gld T cells eventually resolved airway
inflammation at Day 42, with a similar level of IFN-g production to
that of control group. These results demonstrate that FasL expres-
sion on either T cells only or non–T cells only was sufficient for the
eventual resolution of airway inflammation, and the prolonged
airway inflammation in FasL-deficient Rag2/2 mice that received
Gld T cells was correlated with decreased IFN-g production by Gld
T cells.

Keywords: T helper cell type 1/T helper cell type 2 cells; eosinophils;

apoptosis; lung; inflammation

Persistent airway inflammation is a major contributor to the
frequency and severity of asthma exacerbations, and to other
characteristics of asthma (1, 2). The failure of subjects with
asthma to resolve inflammation in their airways after exacer-
bations remains one of the most problematic features in both
intermittent and persistent asthma (1, 3). Inflammatory cell
apoptosis is reduced in the peripheral blood and airways of
subjects with asthma (4–6). Duez and colleagues (7) have shown
that Fas deficiency delays the resolution of airway hyperres-
ponsiveness (AHR) after allergen sensitization and challenge.
Fas-deficient mice have a delayed resolution of airway inflam-
mation, and mice with Fas deficiency only on T cells developed
a prolonged phase of airway inflammation, mucus production,

and airway hyperreactivity (8). This prolonged airway inflam-
mation phase correlated with decreased IFN-g production by
Fas-deficient T cells. These studies have demonstrated that the
Fas signaling pathway plays a critical role in the resolution of
airway inflammation in a murine model of asthma.

The Fas receptor (CD95), a type I membrane receptor
protein belonging to the tumor necrosis factor (TNF) super-
family, is expressed in various tissues (9). Ligation of the Fas
receptor with binding of Fas ligand (FasL) or antibody can lead
to induction of apoptosis in inflammatory cells (10–12). FasL is
a type II membrane protein of the TNF receptor family (13, 14).
It can be expressed on various types of tissues or cells, including
activated T cells, testes, intestine, spleen, kidney, lung, corneal
epithelium, and endothelium (15–20). It has been suggested that
both the Fas receptor and FasL expression in airway epithelium
may regulate the inflammatory response in asthmatic lungs (15,
16). FasL expression on bronchial epithelial cells and limited
numbers of activated T cells in subjects with asthma has also
been reported (6). Although there are many reports regarding
the expression of FasL in the airway and lung, the contributory
roles of different cell types at different phases of airway
inflammation are poorly understood.

To investigate how Fas–FasL interactions occur and regulate
the resolution of airway inflammation in vivo, we used a pre-
viously described murine model of allergic airway disease and
mice with abnormalities in the FasL signaling pathway (8, 21).
We found that FasL deficiency (Gld) led to a delayed resolution
of airway inflammation similar to our previous observations. To
study the specific role of FasL expression on T cells, recon-
stituted mice with dysfunctional FasL expression on either T
cells or non–T cells were generated. When B6 or Gld T cells
were transferred to Rag2/2 or FasL-deficient Rag2/2 mice,
airway inflammation resolved normally in the mice with FasL
expression on either T cells only or non–T cells only, whereas
FasL-deficient Rag2/2 mice that received FasL-deficient T cells
developed a prolonged airway inflammation. These data suggest
that FasL expression on either T cells or non–T cells is sufficient
to prevent a prolonged airway inflammation, and FasL expres-
sion on T cells and non–T cells contributed to the resolution of
airway inflammation.

CLINICAL RELEVANCE

This article demonstrates the importance of Fas–Fas ligand
interaction in the development of a murine model of T
helper cell type 2–mediated chronic airway inflammation.
Thus, our model represents an altogether new type of
animal model for prolonged responses characteristic of
asthma.
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MATERIALS AND METHODS

Animals

C57BL/6 (B6) mice were purchased from either The Division of
Cancer Treatment at the National Cancer Institute (Frederick, MD)
or The Jackson Laboratory (Bar Harbor, ME). B6.Smn.C3H.Tnfsf6gld

and B6.129S7-Rag1tm1Mom mice were purchased from The Jackson
Laboratory and bred and housed in a specific pathogen-free barrier
facility maintained by the University of Chicago Animal Resources
Center. The two strains were bred together to develop Rag2/2 mice
that were homozygous for the gld mutation (Gld.Rag2/2). The studies
reported here conform to the principles outlined by the Animal
Welfare Act and the National Institutes of Health guidelines for the
care and use of animals in biomedical research.

Antibodies and Flow Cytometry

Anti-mouse CD3 (clone 17A2) antibody for T lymphocytes was
obtained from BD Pharmingen (San Diego, CA). Anti-mouse CCR3
(clone 83,101.111) antibody for eosinophils was obtained from R&D
Systems (Minneapolis, MN). Cells were stained and analyzed on either
a FACS Calibur or a LSR-II (Becton-Dickinson, San Jose, CA).

Schistosoma mansoni Sensitization and Challenge and

BAL Analysis

Sensitization and challenge were described previously (8, 21). Briefly,
at Day 214, mice were immunized by intraperitoneal injection of
inactivated Schistosoma mansoni eggs, which induce a strong T helper
cell type (Th) 2 response in the absence of active infection. At Days 27
and 0, the mice were challenged with 10 mg of soluble egg antigen
(SEA) by intranasal and intratracheal aspiration, respectively. The
mice were killed between 4 and 28 days after the last challenge. Gld
mice at 5–7 weeks of age were used to ensure that they had not yet
developed lymphoproliferative disease. Bronchoalveolar lavage (BAL)
was performed by delivering approximately 0.8 ml of cold PBS into the
cannulated trachea and gently aspirating the fluid. The lavage was
repeated a total of four times, and a total volume of 2.5–3.0 ml BAL
was collected. The percentage of cell types found within BAL fluid was
determined by FACS analysis with cell type–specific markers (anti-CD3
antibody for T lymphocytes and anti-CCR3 antibody for eosinophils).

Adoptive Transfer

T cells were harvested from lymph nodes of B6 and Gld donor mice and
enriched by nonadherence to a nylon wool column. The purity as de-
termined by flow cytometry was between 90 and 95% CD31 T cells. A total
of 107 cells were adoptively transferred intravenously into each recipient.

Analysis of Lung Histological Changes

Lungs were removed from mice after BAL and fixed by immersion into
4% paraformaldehyde. Lobes were sectioned sagittally, embedded in

paraffin, cut into 5-mm sections, and stained with hematoxylin and
eosin (H&E) for analysis. The score of peribronchial and perivascular
inflammation and periodic acid Schiff (PAS) staining was measured as
previously described (8).

Detection of Th1 and Th2 Cytokines

T cells were incubated at a concentration of 2 3 106 cells/ml in a 48-
well plate in the presence or absence of SEA (5 mg/ml), and
supernatants were harvested after 48 hours in culture. Cytokine release
was analyzed with the Bioplex Protein Array system (Bio-Rad,
Hercules, CA) with beads specific for IL-5 and IFN-g, according to
the manufacturer’s instructions.

Statistical Analysis

Graph generation and statistical analysis were performed using Prism
software (version 4.00; GraphPad, La Jolla, CA). Differences in total
cells and eosinophils in the BAL fluid and in lung histological scoring
were determined by using an unpaired Student’s two-tailed t test. Error
bars represent SEM. Statistical significance was claimed with P values
of less than 0.05, 0.01, and 0.001 as indicated in the figure legends.

RESULTS

Resolution of Airway and Lung Inflammation Is Delayed

in FasL-Deficient Mice

Previously, we have demonstrated that the Fas pathway is
involved in the resolution of airway inflammation, and that
Fas-deficient (Lpr) mice have a delayed resolution of airway
inflammation in a murine model of asthma (8). Because
both Lpr and Gld mice are deficient in Fas–FasL interactions,
we hypothesized that Gld mice would also have a delayed
resolution of airway inflammation. We have previously shown
that, in our model, airway eosinophilia is completely dependent
on both sensitization and challenge. In the absence of either the
sensitization or challenge, the composition of the small number
of BAL cells is indistinguishable from BAL of mice without
sensitization and challenge (8, 22). After B6 and Gld mice (all
strains used in these experiments are on the B6 background)
were sensitized and challenged with S. mansoni egg antigen,
Gld mice developed levels of airway inflammation similar to
those in B6 mice at Day 4 after challenge. At Day 14 after
challenge, Gld mice had significantly higher numbers of in-
filtrating total BAL cells, eosinophils, and T cells (Figure 1)
compared with the B6 mice. Histological evaluation of H&E
and PAS lung sections revealed dramatically more severe
inflammation and mucus production in Gld mice compared
with B6 mice at Day 14 after challenge (Figures 2A and 2B). It

Figure 1. Resolution of airway inflammation is
delayed in Fas ligand (FasL)–deficient mice. Gld

and B6 mice were sensitized with inactivated

Schistosoma mansoni eggs, challenged with soluble

egg antigen (SEA) (10 mg/mouse), killed on Days 4
(B6 n 5 8, Gld n 5 9) and 14 (B6 n 5 5, Gld n 5 4)

after the last challenge, and cells harvested by

bronchoalveolar lavage (BAL). The total cell num-

bers in the BAL of B6 and Gld mice were analyzed
by trypan blue staining. The type of BAL cells

(eosinophils and CD3 T cells) was determined by

calculating the absolute number of each cell type

from the FACS profiles and by the total numbers of
BAL cells. *P , 0.05, ***P , 0.001. Error bars

represent SEM.
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should be mentioned that the sensitized and challenged Gld
mice had much less inflammation at Day 14 than at Day 4
(Figure 1), indicating that factors other than the Fas–FasL
pathway alone may also play an important role in the resolution
of airway inflammation in this model. Taken together, these
data demonstrate that the significant delay in resolution in the
Gld strain is partially regulated by Fas–FasL interactions.

FasL Expression on Either T Cells Only or Non–T Cells Only Is

Sufficient for the Late, but Not the Early Phase of Resolution

of Th2 Airway Inflammation

Hamann and colleagues (15) and Gochuico and colleagues (16)
have reported that FasL is expressed on the cell surface of
human and mouse airway epithelial cells, suggesting that its
expression plays an important role in the regulation of the
inflammatory response. Because airway epithelial cells are
broadly distributed in whole lung tissue, FasL expressed by
epithelial cells may be the predominant source of FasL during
resolution of airway inflammation. FasL can also be expressed
on the surface of activated lymphocytes (23, 24). Its expression
on T cells not only helps to terminate T cell immune responses
by Fas-mediated cell death, but also kills eosinophils and cells
of other types. It has been reported that the level of FasL
expression can vary based on different Th cell subsets, such that
FasL is expressed highly on Th1 cells, but little or not at all on
Th2 cells (23, 24). We hypothesized that FasL expression on
T cells in this model plays a minimal role in the resolution of
airway inflammation compared with the expression on non–T
cells, because this model has a strong Th2-mediated airway
inflammation. To test this hypothesis, we used an adoptive
transfer model to ‘‘design’’ mice with differential expression of
FasL on T cells and non–T cells. Lymph node T cells from

either B6 or Gld mice were adoptively transferred into Rag2/2

or Gld.Rag2/2 mice (B6 . Rag2/2, B6 . Gld.Rag2/2, Gld .

Rag2/2, and Gld . Gld.Rag2/2, respectively). Thus, the
adoptively transferred B6 . Rag2/2 mice had normal expres-
sion of FasL on their T cells and non–T cells, whereas Gld .

Rag2/2 mice had dysfunctional expression of FasL only on
T cells, and B6 . Gld.Rag2/2 mice had dysfunctional expression
of FasL only on non–T cells. Of course, Gld . Gld.Rag2/2 mice
had no functional FasL expression on any tissue or any type of
cell. The mice were then sensitized and challenged as described
in the MATERIALS AND METHODS. As we have previously dem-
onstrated, because eosinophil hematopoiesis occurs in the bone
marrow and does not require Rag-1 expression, the resulting
mice have eosinophils with the genotype of the recipient, and
T cells have the genotype of the donor strain (8). We found that
the four groups of reconstituted mice developed similar levels of
airway inflammation at Day 4 after challenge, including total
BAL cells, eosinophils, and CD3 T cells (Figure 3A). By Day 14,
B6 . Rag2/2 mice were resolved, but dysfunctional FasL ex-
pression on either T cells or non–T cells led to a delayed res-
olution of airway inflammation (Figure 3B). Thus, surprisingly,
functional FasL expression on either T cells or non–T cells was
not sufficient for effective resolution of inflammation during the
early phase (Day 14).

Our previous study found that, in our model, the cellular
components of early and chronic airway inflammatory infiltrates
are different: there are higher percentages of eosinophils in the
acute inflammatory phase and of T lymphocytes in the chronic
phase (8). Although FasL expression on T cells or non–T cells
alone is not sufficient for early resolution, it is possible that
FasL expression on either population will be sufficient to induce
the eventual resolution of airway inflammation in these mice.

Figure 2. Increased lung inflammation and mucus pro-

duction in Gld mice. (A) Representative sections of lungs

at Day 14. Lung tissues from B6 and Gld mice were fixed

in 4% paraformaldehyde and embedded in paraffin.
Hematoxylin and eosin (H&E)–stained sections for analysis

of airway inflammation and periodic acid Schiff (PAS)–

stained sections for analysis of mucus-containing cells are
presented. (B) Quantification of perivascular and peribron-

chial inflammation and mucus production. *P , 0.05,

***P , 0.001. Error bars represent SEM.
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To determine if FasL expression on T cells or non–T cells plays
a role in the chronic phase of this model, the four groups of
reconstituted mice described previously here were sensitized,
challenged, and killed 28 days after the last challenge. Similar to
Lpr . Rag2/2 mice (8), Gld . Gld.Rag2/2 mice developed
a prolonged phase of airway inflammation compared with the
other three groups (Figure 3C). At this time point, mice with
FasL expression on only T cells (B6 . Gld.Rag2/2) or non–T
cells (Gld . Rag2/2) had also completely resolved their airway
inflammation (Figure 3C). These data demonstrate that, al-
though resolution is slightly delayed, FasL expression on either
T cells only or non–T cells only is sufficient to prevent
prolonged airway inflammation in this model.

To determine if Gld . Gld.Rag2/2 mice have a prolonged
airway inflammation similar to Lpr . Rag2/2 mice at Day 42 (8),
reconstituted B6 . Rag2/2 mice and Gld . Gld.Rag2/2 mice
were sensitized, challenged, and killed at Day 42 after the last
challenge. As previously shown, B6 . Rag2/2 mice had resolved
their airway inflammation by Day 42 (8). Surprisingly, Gld .

Gld.Rag2/2 mice, which showed a prolonged airway eosinophilia
at Day 28 (Figure 3C), had resolved eosinophilia at Day 42 (Figure
3D). The number of total BAL cells and CD3 T cells were very
similar between these two groups (data not shown). These data
show that, unlike Lpr . Rag2/2 mice at Day 42, Gld . Gld.Rag2/2

mice had an eventual resolution of airway inflammation by this
later time point, suggesting that another signaling pathway
could be involved in the resolution of airway inflammation in
addition to the Fas–FasL–induced apoptotic signaling pathway.

Increased Lung Inflammation and Mucus Production

in Gld . Gld.Rag2/2 Mice at Day 28

To confirm that lung histological changes are consistent with the
BAL cellular infiltration, lung inflammation was further evalu-
ated by scoring H&E and PAS sections for the relative amounts
of perivascular and peribronchial inflammation. The lungs from
B6 . Gld.Rag2/2 mice and Gld . Rag2/2 mice showed levels
of cellular infiltrates similar to B6 . Rag2/2 mice at Day 28
(Figures 4A and 4B). Only the lungs from Gld . Gld.Rag2/2

mice showed more severe inflammation by this time point
compared with lungs from mice of the other three groups
(Figures 4A and 4B). Very low levels of PAS staining were
seen in the bronchi of B6 . Rag2/2 mice, B6 . Gld.Rag2/2

mice, and Gld . Rag2/2 mice, but PAS staining in the bronchi
of Gld . Gld.Rag2/2 mice was significantly greater (Figures 4A
and 4B). These findings further demonstrate that FasL expres-
sion on either T cells only or non–T cells only is sufficient to
prevent a prolonged airway inflammation in a murine model of
asthma. As expected from our BAL data, Gld . Gld.Rag2/2

Figure 3. FasL expression on either
T cells only or non–T cells only was

eventually sufficient to prevent

chronic airway inflammation. B6

and Gld T cells were adoptively
transferred into Rag2/2 and

Gld.Rag2/2 mice 1 day before sen-

sitization (noted as B6 . Rag2/2,

B6 . Gld.Rag2/2, Gld . Rag2/2,
and Gld . Gld.Rag2/2 mice, re-

spectively). The four groups of

reconstituted mice were sensitized,
challenged, and killed on Days 4

(A), 14 (B), and 28 (C) after the

final challenge, and the BAL was

analyzed. The total BAL cell num-
bers, cell types, and absolute num-

bers were calculated as described

in MATERIALS AND METHODS. (D) BAL

eosinophil counts were deter-
mined for Days 4, 14, 28, and 42.

These eosinophil numbers for Days

4, 14, and 28, shown in A, B, and
C, are also included to provide

a more complete picture of the

entire time course that was tested.

A total of 5–14 mice per group per
time point were analyzed. *P ,

0.05. Error bars represent SEM.
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mice at Day 42 demonstrated resolved airway and lung in-
flammation similar to B6 . Rag2/2 mice (Figure 4C). Almost
no PAS staining was seen in the bronchi of B6 . Rag2/2 mice
or Gld . Gld.Rag2/2 mice at this time point (data not shown).
These histological changes are consistent with the findings seen
in the BAL, and confirmed the eventual resolution of airway
inflammation at Day 42.

Decreased IFN-g Production by Gld T Cells Correlates with

Prolonged Airway Inflammation in the Gld . Gld.Rag2/2

Mice at Day 28

To determine the nature of the T cell response at Days 28 and
42, BAL, spleen T cells, and lung T cells were restimulated with
SEA, and the cytokines, IFN-g and IL-5, were measured.
Interestingly, the levels of IFN-g production by Gld T cells
from BAL and spleen at Day 28 were significantly less in the
Gld . Gld.Rag2/2 mice compared with wild-type T cells (B6 .

Rag2/2 mice) (Figure 5A), whereas the levels of IFN-g pro-
duction by Gld T cells and wild-type T cells in lung and spleen
at Day 42 were similar between Gld . Gld. Rag2/2 and B6 .

Rag2/2 mice (Figure 5B). Similar levels of IL-5 production by
Gld T cells and wild-type T cells at Days 28 and 42 were
detected in the BAL, lung, and spleen between these two
groups of mice (data not shown). These findings suggest that
IFN-g production attenuates the airway inflammation in a
murine model of asthma, and these data are consistent with

our previous findings that the failure of Lpr T cells to produce
IFN-g in the Lpr . Rag2/– mice plays an important role in
their inability to resolve Th2-mediated inflammation (8).

DISCUSSION

The contribution of FasL expression by different cells to the
resolution of airway inflammation in a strong Th2-mediated
murine model of asthma has not been well studied. In this study,
we have addressed the question of whether FasL expression by
T cells is required to resolve the inflammation, or whether other
cell types in the lungs could contribute the FasL signal. We first
demonstrated that Gld mice developed a delayed resolution of
airway inflammation compared with wild-type mice after sensi-
tization and challenge. By using our adoptive transfer model, we
were able to directly address the question of whether FasL
expression on T cells is necessary for the resolution of lung
inflammation. Because FasL is broadly expressed in the lungs
on many cell types, including airway epithelial cells, we
hypothesized that FasL expression on the T cells themselves
would be unnecessary. Although mice expressing FasL every-
where except on their T cells had resolved their inflammation
by Day 28 after challenge (Figure 3C), we were surprised that
their lungs were still inflamed at the earlier phase of resolution
(Figure 3B). These data suggest that FasL expression on T cells
was involved in down-regulating inflammation at an early stage,

Figure 4. Increased lung inflammation and mu-

cus production in Gld . Gld.Rag2/2 mice at
Day 28 (A). Representative sections from B6 .

Rag2/2 (panels 1 and 2), B6 . Gld.Rag2/2

(panels 3 and 4), Gld . Rag2/2 (panels 5 and

6), and Gld . Gld.Rag2/2 (panels 7 and 8) mice
killed at Day 28 after the last challenge are

shown. The H&E-stained sections (panels 1, 3,

5, and 7) and PAS-stained sections (panels 2, 4,

6, and 8) are shown. (B) Quantification of
perivascular and peribronchial inflammation

and mucus production from these four groups

of mice at Day 28. (C) Representative H&E-
stained sections from B6 . Rag2/– and Gld .

Gld.Rag2/– mice at Day 42 after the last chal-

lenge are shown. **P , 0.01, *** P , 0.001.

Error bars represent SEM.
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but played a smaller role later in the resolution. Although FasL
expression on T cells was necessary for early, but not late
resolution, it was possible that FasL expression on T cells was
still sufficient for resolution. To address this possibility, wild-
type T cells were transferred to FasL-deficient Rag2/2 mice (B6 .

Gld.Rag2/2) to produce mice that expressed FasL only on their
T cells. Similar to the Gld . Rag2/2 mice that had FasL
expression everywhere but on their T cells, their lungs were still
inflamed at Day 14, but resolved inflammation by Day 28. These
results suggest that FasL expression on T cells does play an
important role in the resolution of airway inflammation, and
FasL expression on T cells is sufficient to prevent prolonged
airway inflammation.

That FasL expression on T cells is sufficient for the res-
olution of airway inflammation by Day 28, but not the early
phase of resolution (Day14), could be due to different compo-
sitions of inflammatory cell populations at these times. As we
have shown, there is a much higher percentage of T cells in the
inflammatory infiltrates by Day 28 than at Days 4–14, and thus,
perhaps early on, there is less FasL available in the lungs and
airways. Furthermore, it is possible that the nature of the T cell
population changes such that Fas on T cells plays a larger role
at the later stages of resolution to prevent chronic inflamma-
tion in the lungs. Finally, because FasL can be secreted from
the cell surface, and therefore may transmit a death signal at
sites distal to the effector cells (25), it is possible that the
overall levels of secreted FasL at early time points require
contributions from both T cells and non–T cells. However, by
Day 28, the secreted FasL levels may have risen enough for
effective resolution, even when some cell types were FasL
deficient. Additional studies will be required to examine these
potential mechanisms.

Although FasL expression on T cells is contributing to the
eventual resolution of airway inflammation in the chronic
phase, there is clearly a role of FasL expression on non–T
cells, especially the epithelial cells which express high levels of
FasL. Furthermore, it has been reported that the administra-
tion of FasL-expressing, adenovirus-transfected dendritic cells
in Th2-induced allergic mice had significantly decreased AHR,
airway inflammation, and cytokine production in a murine

model of asthma (26). These data suggest that the role of Fas–
FasL interaction from different cells in the resolution of
airway inflammation could be complex, and the expression
and roles of non–T cells in this model need to be further
elucidated.

Our study demonstrates that the Fas–FasL pathway is not
the only factor involved in the resolution of airway inflamma-
tion in our model, but that other factors also participate in the
clearance of airway inflammation. IFN-g is a proinflammatory
cytokine that is known to play a significant role in regulating the
proliferation and apoptosis of T lymphocytes (27, 28). It has also
been reported that IFN-g inhibits the proliferation of allergen-
stimulated CD41 T cells by stimulating the surface expression
of Fas and FasL, which prompts Fas–FasL–mediated apoptosis
(29). Cohn and colleagues (30) have demonstrated that Th1
cells and IFN-g regulate allergic airway inflammation and
mucus production. Our previous study has shown that the
failure of Lpr T cells to produce IFN-g in the Lpr . Rag2/–

mice plays an important role in their inability to resolve Th2-
mediated inflammation (8). To investigate if IFN-g also has an
effect on the prolonged airway inflammation in Gld .

Gld.Rag2/2 mice, IFN-g production was measured. Similar to
the Lpr T cells, we found that there was also a decreased IFN-g
production by Gld T cells in Gld . Gld.Rag2/2 mice at Day 28.
Surprisingly, airway inflammation in Gld . Gld.Rag2/2 mice
was eventually resolved by Day 42, and, at this time point,
similar levels of IFN-g production were produced from both the
GLD and B6 T cells. Thus, these findings further suggest that
IFN-g is involved in the resolution of airway inflammation in
this murine model of asthma.

Although both Lpr . Rag2/2 mice and Gld . Gld.Rag2/2

mice have a defective Fas–FasL–induced apoptotic signaling
pathway, the reason why Gld . Gld.Rag2/2 mice, but not the
Lpr . Rag2/2 mice, resolve their inflammation by Day 42
remains unclear. One possibility is that the differences are due
to an additional role of FasL in T cell activation. Aside from its
death-inducing capacity, FasL has also been implicated in
retrograde signal transduction into FasL-expressing cells by
so-called ‘‘reverse signaling’’ (31). Because Lpr . Rag2/2 mice
have Fas expression on non–T cells, these Fas receptors may be
able to crosslink FasL on the Lpr T cells. Furthermore, the
observation that total CD3 T cells recovered from different
groups over time are not significantly different from each other
is also hard to explain. We assumed that Fas–FasL interaction is
required not only in the induction of apoptosis, but also in the
activation of nonapoptotic pathways, such as NF-kB activation
(32). It has also previously been reported that, in addition to Fas
receptor, other members of the TNF receptor family, such as
TNF-R1 and TNF-R2, which are expressed on the surface of
many cell types, are implicated in many aspects of airway
pathology in asthma (33, 34). Further study will be required
to explore the possible mechanisms for these apparently
contradictory findings.

In summary, we have demonstrated that FasL deficiency
leads to a delayed resolution of airway inflammation. FasL
expression on either T cells only or non–T cells only was
sufficient for the eventual resolution of airway inflammation,
and the prolonged airway inflammation in Gld . Gld.Rag2/2

mice at Day 28 was well correlated with decreased IFN-g
production by Gld T cells. However, the combined source of
T cells and non–T cells must express FasL in order for
resolution to occur in a normal time frame. Our study suggests
that the increase in the number of eosinophils and the decrease
in the number of apoptotic cells found in individuals with
asthma may actually be a direct consequence of decreased
expression of FasL in the airway (6, 35).

Figure 5. Decreased IFN-g production by Gld T cells in the Gld .

Gld.Rag2/2 mice at Day 28. (A) BAL and spleen T cells from B6 . Rag2/2

mice and Gld . Gld.Rag2/2 mice at Day 28, and (B) lung and spleen T

cells from B6 . Rag2/2 mice and Gld . Gld.Rag2/2 mice at Day 42,

were restimulated with SEA, and measured by Bioplex system, as

described in MATERIALS AND METHODS for IFN-g and IL-5 (data not shown).
*P , 0.05. Error bars represent SEM.
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