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An adenovirus vector encoding murine Fas ligand (mFasL) under an inducible control was derived. In vivo
ectopic expression of mFasL in murine livers induced an inflammatory cellular infiltration. Furthermore,
ectopic expression of mFasL by myocytes did not allow prolonged vector-mediated transgene expression. Thus,
ectopic expression of functional mFasL in vector-transduced cells does not appear to confer, by itself, an
immunoprivileged site sufficient to mitigate adenovirus vector immunogenicity.

Recombinant adenovirus vectors have found broad utility
for a variety of gene therapy applications (9, 57). This fact
derives principally from their ability to accomplish efficient in
vivo gene transfer in a variety of organ contexts. Despite this
property, successful use of these agents for gene therapy pur-
poses has been significantly limited to date, largely because an
invariable consequence of in situ cellular transduction by ad-
enovirus vectors at distinct parenchymal sites has been shown
to be a significant host immunological response against trans-
duced cells (52, 56, 60). A number of specific immune effector
mechanisms, together with nonspecific defense mechanisms,
are called into play to eliminate an infecting virus (57). This
process has been associated with attenuation of expression of
the transferred therapeutic gene based, at least in part, on loss
of the vector-transduced cells (12, 61, 63). Since the cells in-
fected with recombinant adenoviruses are usually rapidly elim-
inated, it is likely that the host immune system plays a major
role in preventing sustained expression of the foreign genes.
Innate and adaptive immune response-related clearance of
adenovirus vectors in vivo has been described (59). The im-
portance of the immune response against adenovirus vectors
was first suggested by reports of long-term recombinant gene
expression and less inflammatory reaction after a single ade-
novirus administration to neonatal animals, which have an
immature immune system (64). Similar results were obtained
in mice with severe immunodeficiency and in nude mice (6).
Subsequently, several groups have demonstrated that infection
of an immunocompetent host with recombinant adenoviruses
elicits a CD81 cytotoxic T-cell (CTL) response that eliminates
virus-infected cells within 28 days of infection (12, 61, 62).
Thus, strategies for prolonging the expression of therapeutic
genes delivered by adenovirus, even in the context of diseases
in which transient effects may be sought, such as cancer, are
essential requirements for achieving clinical utility.

Based on a growing understanding of the immunological
phenomena underlying this process, a variety of distinct strat-
egies have been proposed to attenuate vector immunogenicity
(31). To maximize the therapeutic potential of adenovirus vec-
tors, various treatments administered at the time of vector
delivery, aimed at modifying the host immune response, are
being developed. In this regard, it has been postulated that the
major stimulus for host immune responses is the expression of
endogenous viral genes by transduced cells (63). Consequently,
strategies to reduce endogenous viral gene expression through
additional deletions in several gene regions of recombinant
adenovirus vectors have been developed (16, 55). Direct strat-
egies to abrogate presentation of viral antigens by antigen-
presenting cells to the immune system have also been studied.
Methods used have included cytotoxic drugs, antilymphocyte
agents, cyclosporine, FK506, and deoxyspergualin (21, 28, 53,
58). In addition, interruption of the specific interaction be-
tween major histocompatibility complex class I molecules in
antigen-primed cells and helper T lymphocytes has been pro-
posed. Interventions explored in this context have included the
use of agents that block costimulatory signals, such as CTLA4lg
and anti-CD40 ligand (19, 25). Thus, considerable efforts have
been directed at mitigating host response to the vector-trans-
duced cells as a means to prolong transgene expression for
gene therapy purposes.

From a conceptual standpoint, these strategies seek to ren-
der vector-transduced cells into immunologically privileged
sites to avoid their recognition by the host immune system. In
this regard, host mechanisms for establishing such immune
privilege have been recognized to occur in selected endoge-
nous physiological contexts. Immune privilege in sites like the
eye, testis, and brain allows foreign agents and tissues to persist
in those locations, and this phenomenon has long held the
promise of solving the problems of autoimmunity, graft rejec-
tion, and potentially vector immunogenicity (14, 18, 29, 39, 45,
54). One clinical example of the function of an immunologi-
cally privileged site is the success of human corneal transplants,
where a very high percentage of transplants engraft without
tissue matching or immunosuppressive therapy. Stuart et al.
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recently demonstrated that Fas ligand (FasL) expression on
the cornea is a major factor in corneal allograft survival; thus,
they provide an explanation for one of the most successful
tissue transplants performed in humans (50). FasL is a member
of the tumor necrosis factor family and induces apoptosis in
cells that express Fas (7, 20, 43, 51, 54). FasL is expressed by
activated CTLs as well as NK cells and works as a death
induction factor (33, 35). It has been proposed that when
activated inflammatory cells enter the eye or testis, they are
immediately killed through the Fas-FasL pathway (17, 34). In
this regard, Lau et al. showed that syngeneic myoblasts ex-
pressing murine FasL (mFasL) protected allogenic pancreatic
islets concomitantly transplanted under the kidney capsule
(27). Furthermore, the protective effect of FasL was also ob-
served when testis-derived Sertoli cells survived and provided
local immunosuppression for xenografts in rat brains (47). Re-
cently, Xu et al. have shown an evasion of the immune CTL
response by induction of FasL expression on simian immuno-
deficiency virus-infected cells (60). Malignant melanoma and
hepatocellular carcinomas have been found to express FasL,
suggesting that these tumor cells can evade the immune attack
through their expression of FasL (20, 49). These remarkable
observations have led to the hypothesis that ectopic FasL ex-
pression may have the potential to render a site impervious to
the consequences of immune recognition. It thus seemed rea-
sonable to use such an approach to achieve immune protection
of vector-transduced cells in a gene therapy context. We hy-
pothesized that such immune protection of cells transduced by
adenovirus might be induced via methods directed at local
augmentation of expression of the FasL molecule. Further-
more, this attenuation of the host immune response might thus
allow prolongation of the transgene expression that derives
from transduction with recombinant adenovirus vectors.

The initial step in this endeavor was the construction of a
replication-incompetent, recombinant adenovirus vector ex-
pressing mFasL. A first consideration was the fact that coex-
pression of Fas and FasL in the same cellular context results in
an autocrine loop that induces apoptosis (26). Thus, a Fas-
positive phenotype in available packaging cells (293 cells)
would potentially undermine efforts to derive a FasL-express-
ing vector. In this regard, at 10 h after infection with 5 PFU per
cell of AdCMVLuc (irrelevant virus), AdLoxpFasL alone, or
AdLoxpFasL plus AdCANCre, both of which express the in-
ducible mFasL, we analyzed apoptosis in 293 cells. Cells were
washed with phosphate-buffered saline and resuspended at 106

cells/ml. Early detection of apoptosis was performed with an
ApoAlert Annexin V Fluos staining kit as instructed by the
manufacturer (Boehringer Mannheim, Indianapolis, Ind.). De-
tection of apoptosis is based in changes occurring on the cell
surface during early stages of apoptosis; specifically, transloca-
tion of phosphatidylserine from the interior side of the plasma
membrane to the outer leaflet is detected. This is the basis for
the high-affinity binding of annexin V to phosphatidylserine.
For this analysis, 293 cells were incubated with annexin V-
biotin in a HEPES buffer for 15 min at room temperature.
Fluorescence-activated cell sorting analysis was performed in
104 events in a pool of cells from quadruplicate experiments,
and data were expressed as a percentage of apoptotic cells
(Fig. 1). The percentage of cells within each region was calcu-
lated by using CellFIT version 1.0 (Becton Dickinson).

We thus conceptualized a strategy to express FasL in an
inducible context, based on an application of the Cre/Loxp
system to the recombinant adenovirus context (5). Figure 2A
depicts the structure of our designed vector, whereby FasL is
functionally separated from the modified chicken b-actin pro-
moter with the cytomegalovirus immediate-early enhancer

(CAG) (37) by a Loxp-flanked stuffer segment. The encoded
Cre recombinase protein would be predicted to excise the
stuffer and allow functional reconstitution of the expression
cassette at the deleted E1 site of the recombinant adenovirus
vector. Of note, Kanegae et al. (22) and Anton and Graham
(5) have both described the utility of such a Loxp-based induc-
ible system in the context of the adenovirus genome. Thus, this
strategy based on inducible gene expression offered the means
to construct such a vector expressing FasL, regardless of the
expression of Fas by the viral vector packaging cell line.

The recombinant adenovirus AdLoxpFasL was constructed
by the two-plasmid homologous recombination method of
Parks et al. (40). To generate a plasmid expressing mFasL
incorporating the Cre/Loxp system, a b-actin promoter-driven
neomycin resistance (Neor) gene flanked by two Loxp sites was
subcloned as a HindIII-SalII fragment from plasmid pCAN-
LNLW (provided by I. Saito, Tokyo, Japan) into the multiple
cloning site of the adenovirus shuttle plasmid pDESP1B (Micro-
bix, Inc., Ontario, Canada). The resultant plasmid, pDEloxP, se-
quentially contains 0.5 map units of sequence from the left end
of the adenovirus type 5 genome, the b-actin promoter, the
first Loxp site, the Neor gene, a second directional repeat Loxp
site, and a unique SwaI site, followed by simian virus 40
poly(A) signal sequences and finally map units 9 through 16 of
the adenovirus genome. Full-length mFasL was excised from
the plasmid pcDNA3-mFasL with BamHI and XhoI, blunt
ended with Klenow fragment, and then subcloned into the
SwaI site of pDEloxP. Restriction endonuclease digestion and
direct sequence analysis confirmed the orientation and se-
quence of the inserted mFasL. The resultant plasmid,
pDE1loxPF, was then cotransfected into the adenovirus pack-
aging cell line 293 together with the adenovirus packaging plas-
mid pJM17 (Microbix), by using Lipofectin (BRL, Gaithersburg,
Md.) as previously described (44). After cotransfection, cells
were overlaid with Dulbecco’s modified Eagle’s medium-F12
(Mediatech/Cellgro) supplemented with 2.5% heat-inactivated
fetal bovine serum (FBS) (HyClone, Logan, Utah) and 0.65%
Noble agar (Difco, Detroit, Mich.). Plaques were picked ap-
proximately 10 days posttransfection and carried through three
additional isolation steps. The identity of the resultant adeno-

FIG. 1. Apoptosis analysis of 293 cells expressing mFasL, performed as de-
scribed in the text.
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virus vector, AdLoxpFasL, was confirmed by restriction endo-
nuclease digestion with XhoI and Southern blot analysis using
standard procedures (Fig. 2B).

We next sought to confirm the expression of mFasL from the
derived adenovirus vector AdLoxpFasL. Such analysis was re-
quired to confirm the relative absence of expression from the
noninduced vector configuration, as well as the mFasL expres-
sion after induction with Cre recombinase in cells transduced
with the inducible vector. For this analysis, murine B6 lpr/lpr
(lpr stands for lymphoproliferation) macrophages were used.
These cells derive from a transgenic mouse deficient in Fas
expression and thus permit FasL expression without the po-
tential consequences of induction of apoptosis by the interac-
tion between Fas and FasL (3, 36). Cells were grown in RPMI
1640 medium supplemented with 10% FBS in a humidified 5%
CO2 atmosphere and seeded at 105 cells in 60-mm2 plates.
After overnight culture, cells were coinfected with AdLoxp
FasL and AxCANCre, a Cre-expressing recombinant adenovi-
rus vector, for induction of mFasL expression in effector cells
(22). As a control, cells were also coinfected with AdLoxpFasL
plus a non-Cre-expressing recombinant adenovirus, AdCMV
LacZ. A multiplicity of infection of 5 PFU/cell was used for
each vector. Infections were allowed to proceed for 1 h in
culture medium containing 2% FBS, followed by incubation
for 24 h in RPMI 1640 supplemented with 10% FBS. Unin-
fected controls, not exposed to viral vectors, were maintained
and processed in the same manner. Total RNA extraction and
Northern blotting were then performed by techniques de-
scribed elsewhere (65). Probes for this analysis included a
960-bp fragment of the mFasL cDNA amplified by PCR or a
murine b-actin cDNA. In this analysis, the addition of the
adenovirus expressing Cre recombinase resulted in a marked
induction of mFasL expression in the target cells. Specifically,
a readily detectable band corresponding to the full-length
mFasL cDNA could be noted when RNA from the experimen-
tal group including both AxCANCre and AdLoxpFasL was
analyzed. A band corresponding to the induced expression of
the mFasL cDNA was not noted in other groups. Interestingly,
a band of higher molecular weight was detected in the group
including the AdCMVLacZ and AdLoxpFasL vectors, in rel-
atively reduced amounts. The size of the band, as well as its
context, suggests that a low level of spontaneous expression of
mFasL occurred with these vectors. Levels of mFasL, however,
were dramatically less than those noted when AxCANCre and
AdLoxpFasL were administered. Analysis of the b-actin tran-
scripts showed comparable levels in each group. Thus, the
AdLoxpFasL vector is capable of expressing high levels of
mFasL in target cells under the control of Cre recombinase
(Fig. 3).

We next sought to confirm the functional activity of the
mFasL encoded in the vector AdLoxpFasL. For this analysis,
we employed a 51Cr release assay in which a FasL-sensitive cell
line (A20) was used as the target cell. The A20 cells were
labeled with [51Cr]sodium chromate (50 mCi/105 cells; Amer-
sham, Arlington Heights, Ill.) for 1 h at 37°C. After extensive
washing, the labeled A20 cells were then added to various
murine cell lines, including B6 lpr/lpr macrophages, NIT-1 in-
sulinoma cells, L3 microglioma cells, and F10 astrocytoma
cells, at various effector-to-target (E/T) ratios. After 6 h of
incubation, the specific release of the radioactive marker was
determined by gamma scintigraphy as previously described
(66). These cells had been preinfected with AdCMVLacZ and
AdLoxpFasL or with AxCANCre and AdLoxpFasL at 5 PFU/
cell. The spontaneous release of 51Cr was determined by incu-
bating the 51Cr-labeled A20 with medium alone, whereas the
maximum release was determined by adding sodium dodecyl
sulfate solution (SDS) to a final concentration of 0.05%. The
percentage of specific release was calculated as follows: %
specific lysis 5 [(experimental 51Cr release) 2 (spontaneous
51Cr release)]/[(maximum 51Cr release) 2 (spontaneous 51Cr

FIG. 2. Construction of a recombinant adenovirus vector encoding mFasL. (A) Map of the recombinant adenovirus vector. An expression cassette is inserted into
the deleted E1A region. This cassette allows inducible expression of mFasL from the CAG promoter after excising of the stuffer Neor gene flanked by the Loxp sites.
ITR, adenovirus inverted terminal repeats. Map units (m.u.) 0 to 100 are indicated. (B) Confirmation of identity of the adenovirus vector encoding mFasL,
AdLoxpFasL. Adenovirus genome DNA was subjected to restriction endonuclease digestion with XhoI and analyzed by gel electrophoresis and Southern blotting. For
Southern blotting, a 32P-labeled mFasL probe was used. Lane 1, 1-kb DNA ladder; lane 2, XhoI digestion of AdLoxpFasL; lane 3, XhoI digestion of E1-deleted
adenovirus vector lacking the mFasL gene; lane 4, Southern blot analysis as for lane 2; lane 5, Southern blot analysis as for lane 3.

FIG. 3. Analysis of gene expression characteristic of AdLoxpFasL by North-
ern blot analysis. Murine B6 lpr/lpr mouse macrophages were infected with either
AdLoxpFasL plus AdCMVLacZ (lane 2) or AdLoxpFasL plus AxCANCre (lane
3). Lane 1 is an uninfected control. Twenty-four hours postinfection, total RNA
was isolated and probed with mFasL and b-actin cDNAs.
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release)]. Infection with AdCMVLacZ and AdLoxpFasL did
not induce or enhance killing in any of the tested cell lines (Fig.
4A). In marked contrast, an increase in cell killing, as mani-
fested by 51Cr release, was noted for all infected cell lines
with an increasing E/T ratio (Fig. 4B) when AxCANCre and
AdLoxpFasL were used. This finding is consistent with the
concept that the adenovirus vector effectively mediated ectopic
mFasL expression. Furthermore, it was demonstrated that the
induced mFasL expression rendered target cells sensitive to
killing mediated by Fas. Thus, the AdLoxpFasL vector is ca-
pable of expressing physiologically relevant amounts of func-
tional mFasL after induction by adenovirus-mediated expres-
sion of Cre recombinase.

Whereas this experiment confirmed that mFasL augmenta-
tion could enhance cell killing via physiologic pathways of
cellular interaction, we also sought to demonstrate the conse-
quences of Fas and FasL coexpression within the same target
cell. Such a finding of an autocrine pathway of induction of
apoptosis would validate our strategy for construction of the
adenovirus vector expressing FasL in an inducible manner.
Furthermore, such a finding would have consequences for the
manner whereby ectopic FasL expression would be achieved
for applications to attenuate vector immunogenicity. To vali-
date this concept, we induced expression of mFasL in HeLa
and 293 cells, which already express Fas (30). For this analysis,
105 HeLa cells were plated in six-well tissue culture plates and
cultured in Dulbecco’s modified Eagle’s medium-F12 supple-
mented with 10% FBS at 37°C and 5% CO2 atmosphere for
24 h. The cells were then infected with the various combina-
tions of adenovirus vectors, as described above, at 10 PFU/cell
and washed extensively 1 h postinfection. At 24 h postinfection,
the cells were stained with trypan blue, and triplicates were
counted to determine the number of viable cells. In this anal-
ysis, induced expression of mFasL in HeLa cells resulted in a
dramatic decrement in viable cell numbers (Fig. 5). This result
was not seen with noninduced AdLoxpFasL. Thus, the expres-
sion of mFasL, in the context of a target cell expressing Fas,

can induce an autocrine suicide event. This finding thus ratio-
nalizes the use of adenovirus-mediated ectopic expression of
mFasL exclusively in tissue contexts in which Fas is not ex-
pressed.

As an additional test of the biologic effect of expression of
mFasL at ectopic sites, we used AdLoxpFasL to achieve in situ
expression of FasL in the liver. For this experiment, adult
female C57BL/6 and B6 lpr/lpr mice were injected via the tail
vein with adenovirus vector constructs. This means of delivery
is known to achieve principally hepatocyte transduction (60).
Animals were challenged with both AdCMVLacZ and AdLox-
pFasL, or with AxCANCre and AdLoxpFasL, at 5 3 109 PFU
per animal. Twenty-four hours after injection, livers were har-

FIG. 4. Characterization of the function of ectopic expression of mFasL in macrophages. The lpr/lpr macrophages were infected with either AdLoxpFasL plus
AdCMVLacZ (A) or AdLoxpFasL plus AxCANCre (B) and mixed with 51Cr-labeled A20 cells at the indicated E/T ratios; after 6 h of incubation, the specific release
of radioactive marker was determinated.

FIG. 5. Induction of autocrine suicide event by Fas-expressing target cells by
AdLoxpFasL. HeLa cells were infected with AdLoxpFasL plus AdCMVLacZ or
with AdLoxpFasL plus AxCANCre. After 24 h, cells were stained with trypan
blue and analyzed in triplicate to determine the number of viable cells.
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vested and analyzed by immunohistochemistry to study the
hepatic parenchyma. For the B6 lpr/lpr mice, both combina-
tions of delivered viruses did not elicit any changes in histopa-
thology compared to livers from control uninfected mice (data
not shown). In contrast, in the group of C57BL/6 mice, which
received the AxCANCre and AdLoxpFasL vectors, hepato-
cytes demonstrated pyknotic nuclei, as well as a significant
influx of inflammatory cells (granulocytes and lymphocytes)
which were distributed throughout the hepatic parenchyma.
This infiltrate was not seen either in the group that received
AdCMVLacZ and AdLoxpFasL or in the control group that
received no virus (Fig. 6). In further analysis, detection of
apoptosis in hepatic parenchyma was performed. To this end,
in situ detection of apoptotic cells with Hoechst 33258 (1 mg/
ml) showed that a proportion of cells underwent apoptotic
changes (10, 15). In this regard, nuclei showed condensed
chromatin under the fluorescence microscope (UV filter) in
the treated animals with the AxCANCre and AdLoxpFasL
vectors but not in the control groups (Fig. 7). The fact that this
inflammatory phenomenon and apoptosis were noted only in
the group in which expression of mFasL was activated by Cre
recombinase suggests that it was the expression of mFasL per
se which induced these alterations.

To explore the potential of mFasL to mitigate vector immu-
nogenicity, it was necessary to use a target tissue not charac-
terized by the expression of Fas. In this regard, myocytes are
known to lack expression of Fas (46). Furthermore, there is a
significant amount of data characterizing the temporal pattern
of adenovirus vector-mediated transgene expression in the
muscle (2, 41). Specifically, it has been shown that direct ad-
ministration of adenovirus vectors by intramuscular (i.m.) in-
jection can achieve infection of a significant number of mature

myofibers (1, 42). Of note, a well-characterized host immune
response is induced after i.m. delivery of adenovirus vectors,
including a CTL-mediated eradication of transduced cells (62).
We thus sought to mitigate this process by ectopic expression
of mFasL in vector-modified myocytes. For this experiment,
adult female BALB/c mice were injected i.m. via the intraglos-
sal route to achieve transduction of mature myofibers. Groups
of animals received no vector, AdLoxpFasL plus AdCMVTK
plus AdCMVLuc, or AdLoxpFasL plus AxCANCre plus Ad
CMVLuc (109 PFU of each virus per animal). The combina-
tion of viruses in the second group included an adenovirus
encoding the luciferase reporter gene, AdCMVLuc, to allow
measurement of transgene expression, plus AdLoxpFasL with
an irrelevant control adenovirus, AdCMVTK, which would not
be predicted to induce mFasL expression. The combination of
viruses in the third group contained the virus expressing the
reporter gene, and also contained AdLoxpFasL plus AxCAN
Cre, to achieve induction of mFasL expression. Thus, this
experiment would allow direct comparison of the pattern of
transgene expression mediated by the adenovirus vector in the
presence or absence of mFasL coexpression.

In this experiment, all uninfected control groups demon-
strated an absence of luciferase expression in harvested myo-
fibers, as expected. For the group without induced mFasL
expression, an initial high level of gene expression which was
readily detectable by day 7 postinfection was achieved. These
levels of gene transfer underwent attenuation in a time-depen-
dent manner such that by day 50 postinfection, the magnitudes
of luciferase gene expression were nearly 4 orders of magni-
tude less than those observed at day 7 (Fig. 8). This pattern of
nonpersistence of transgene expression is analogous to that
described by other authors and reflects the consequences of

FIG. 6. Effect of ectopic expression of mFasL expression in the liver. Adult female C57BL/6 mice were injected intravenously with AdLoxpFasL plus AxCANCre
(A), AdCMVLacZ (B), AdLoxpFasL plus AdCMVLacZ (C), or phosphate-buffered saline alone (D). Livers were harvested at 24 h postinjection, and sections were
prepared for histological analysis staining with hematoxylin and eosin. Magnification, 3320.
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the host immune response to the vector-transduced cells (2,
41). When this experiment was repeated except with in situ
induction of mFasL, the pattern of transgene expression did
not differ from that noted in the noninduced group (Fig. 8); a
rapid reduction in transgene expression was noted such that by
day 50 postinjection, a decrement of more than 3 orders of
magnitude was noted. Of note, analysis of the infected muscle
sites by reverse transcription-PCR confirmed expression of
mFasL in the induced group. In addition, in the noninduced
group, lower levels of mFasL could be detected (data not

shown). Thus, autocrine suicide of infected muscle cells (neg-
ative Fas receptor) expressing mFasL was not likely the basis of
diminishing transgene expression in the group with induction
of mFasL. It thus appeared that in this organ context, simple
ectopic expression of mFasL did not achieve the desired end of
establishing the vector-infected cell as an immunologically
privileged site.

A recent report by Muruve et al. has also described the
construction and characterization of a recombinant adenovirus
vector expressing mFasL (32). Many of their findings are of

FIG. 7. In situ detection of apoptotic cells in the liver. Adult female C57BL/6 mice were injected intravenously with AdLoxpFasL plus AxCANCre (A and B) or
AdCMVLacZ (C and D). Livers were harvested at 24 h postinjection, and sections were prepared for histological analysis staining with hematoxylin and eosin (A and
C) or with Hoechst 33258 reagent to detect apoptosis (B and D). Magnification, 3320.
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interest in the context of the results of this study. These inves-
tigators used a cytomegalovirus-driven mFasL cassette in their
adenovirus vector. For this construction, they experienced dif-
ficulty deriving the virion and have noted consistently low viral
titer yields. This was attributed, in part, to the fact that the
adenovirus packaging cell line 293 is known to express Fas
(32). Thus, the resulting autocrine loop has confounded their
vector derivation and propagation efforts. Anticipation of this
issue led us to develop an adenovirus vector with an inducible
system. In this manner, we have readily obtained the desired
recombinant vectors and obtained viral titers commensurate
with those of standard recombinant adenovirus vectors. Thus,
from a strictly practical standpoint, we have derived a benefit
from maintaining the mFasL in an inducible state in the con-
text of the adenovirus vector. An additional aspect of the
report of Muruve et al. was the finding that systemic injection
of their vector induced widespread death of hepatocytes, a
phenomenon consistent with the effects of anti-Fas antibody
(38). Furthermore, transduced pancreatic allografts underwent
apoptotic cell death, resulting in nonfunctional grafts when
transplanted into syngeneic or allogenic recipients. The latter
phenomenon is significant, as Fas is widely expressed. Whereas
Muruve et al. did not explicitly use FasL to prolong transgene
expression in cells infected by adenovirus vectors, their results
did provide insight into the complexity of the Fas-FasL path-
way. In this context, Allison et al. (4) reported that expression
of functional FasL in the pancreatic islets of transgenic mice
failed to protect these islets from allogenic transplant rejec-
tion. In addition, these genetically modified cells induced a
granulocytic infiltrate that damaged the islets (4, 8, 23). Fur-
ther of note, Seino et al. reported that FasL expression in
tumor cells could induce a granulocyte-mediated rejection
(48). A further new study challenges the immunoprotective
effect of FasL; Kang et al. have shown that adenovirus-medi-
ated expression of FasL in pancreatic islet allografts induces
neutrophilic infiltration and islet destruction (23). One more
example of the complexity of the Fas-FasL system is the dis-
covery that various disease states result from dysregulation of

the system, including lymphoproliferative autoimmune syn-
dromes, hepatitis, Hashimoto’s thyroiditis, and glomerular cell
apoptosis (11, 13). Finally, Kayagaki et al. observed that nat-
urally occurring alleles of FasL have different abilities to trig-
ger apoptosis through Fas, suggesting that polymorphism of
FasL affects the biological activity (24).

These results parallel the limitations of our study in that
ectopic FasL expression per se was not sufficient to prolong
expression of a vector-encoded transgene by attempting to
diminish immunological eradication of vector-transduced cells.
Thus, several issues with respect to the use of FasL have arisen
in these studies. First, while intended to allow an immunolog-
ically privileged site, the ectopic expression of FasL can actu-
ally elicit an inflammatory influx. Second, the coexpression of
Fas and an ectopic FasL can induce an autocrine loop with
induction of target cell apoptosis. In addition, the magnitude
and temporal pattern of FasL expression may be key determi-
nants of its efficacy in this context. These issues were not
addressed in our study. The complex aspects of FasL biology
can confound direct attempts to explain this axis in many tissue
contexts and can be frankly deleterious at some organ sites
through elicitation of parenchymal apoptosis. Thus, a more
complete understanding of the Fas-FasL pathway will be re-
quired before strategies to exploit the system for mitigating
vector immunogenicity may be contemplated.
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