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TECHNICAL COMMENTS

Immune Response and Myoblasts
That Express Fas Ligand
Henry T. Lau et al. (1) report that syngeneic myoblasts that expressed Fas ligand
(FasL, CD95L) protected allogeneic islets
of Langerhans from immune rejection
when cotransplanted under the kidney
capsule. The presumed immune privilege
conferred by exogenous expression of FasL
in this system appeared to be similar to the
naturally occurring immune protection
described in the anterior chamber of the
eye (2), in the rodent testis (3), and in
malignant melanoma (4), all of which express endogenous FasL. These studies generated considerable interest in the scientific community because they suggested a
method for generating gene- or tissue-specific tolerance with broad applications to
organ transplantation. In contrast with
these results, others have found that exogenous FasL expression, either by tumor
cells or by islets, targeted the cells for
rapid destruction by neutrophils (5, 6).
Moreover, although a recent report
showed a FasL-mediated inhibition of antibody production, it also stated that an
inflammatory response was observed (7).
To investigate potential variables leading to these divergent findings, we carried
out experiments designed to replicate
closely those described by Lau et al. (1).
Primary skeletal myoblasts were isolated
from C3H mice and transduced with a
retroviral vector that directs murine FasL
expression from the LTR promoter. Functional FasL expression was confirmed by
cytotoxicity to Fas-expressing Jurkat cells
(8). Unexpectedly, transduced myoblasts
underwent rapid apoptosis during differentiation, which suggests that skeletal myoblasts express Fas, in contrast with the

findings of Lau et al. (1). Although shown
earlier to occur in postnatal cardiac and
skeletal muscle tissues (9), Fas expression
had, to our knowledge, not been examined
in cultured cells. With the use of an antibody to mouse Fas, Jo2 (10), we confirmed
Fas expression in myoblasts of C3H (Fig.
1) and C57BL/6 strains (11).
To avoid Fas/FasL-mediated self-destruction of myoblasts, we generated primary
myoblasts from Fas-deficient C57BL/6 lpr
mice, the mouse counterpart to human autoimmune lymphoproliferative syndrome
(ALPS). When transduced with the FasL
vector, lpr myoblasts did not self-destruct
on differentiation in vitro. Nontransduced
or FasL-transduced lpr myoblasts were injected under the kidney capsule of congenic
C57BL/6 mice. Mice were killed 1, 3, 7, 14,
and 26 days after transplantation, and their
kidneys were removed for histological examination (Fig. 2). Kidneys transplanted
with nontransduced myoblasts appeared
normal at all time points (Fig. 2, A, C, and
E). In contrast, each kidney transplanted
with FasL-expressing myoblasts had a prominent white abscess that was abundant in
neutrophils; these abscesses appeared by
day 1, were pronounced by day 3, and disappeared by day 26 (Fig. 2, B, D, and F,
respectively). Moreover, in contrast with
the findings of Lau et al. (1), co-implantation of allogeneic C3H islets of Langerhans
with congenic FasL-expressing myoblasts
led to accelerated destruction of the islets
(Fig. 2G). Untransduced myoblasts differentiated and persisted for at least 26 days,
but FasL myoblasts were destroyed by the
granulocytic infiltrate (Fig. 2, H and I). It is
therefore unclear how Lau et al. (1) were
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17.

sup; daf-2(e1370) hermaphrodites at the nonpermissive temperature and examining cross progeny
for dauer formation. The descendants of the cross
progeny were also examined to ensure that the mutations were not unlinked, noncomplementing mutations. We also mapped many of the mutations by
testing for linkage with unc-29, which maps near
daf-16, or else with daf-16–linked restriction fragment length polymorphisms using PCR (32).
One such gene may be daf-18. This gene has been
identified by a single mutation that suppresses both
dauer formation and the life-span extension of daf-2
mutants (7, 10, 28). However, many daf-18 individuals show severe morphological abnormalities, suggesting that this gene has other, possibly essential,
functions (28). The fact that we did not find any daf18 alleles supports this hypothesis. In addition, we
note that because we screened F2 progeny of mutagenized animals, we would have missed mutants
that were maternally rescued.
We first attempted to clone daf-16 by positional
mapping but found that the gene was located in a
gap in the physical map between cosmids AE7 and
ZK39. To isolate daf-16::Tc1 insertion mutants, we
screened daf-2(sa189); mut-6 animals for spontaneous mutants that did not become dauers when cultured at 20°C. One mutant, mu147, also suppressed
dauer formation at 25°C. This mutation failed to
complement daf-16(m26) and was closely linked to
unc-29, which maps near daf-16. mu147 was subsequently crossed to either unc-29(e1072); daf2(e1370); him-5(e1490) or daf-2(e1370); him5(e1490) mutants, and homozygous Daf-16(2) and
Daf-16(1) recombinants were obtained. Genomic
DNA was prepared from these recombinants and
analyzed by Southern blot hybridization with the 1.6kb Tc1 sequence as probe. A 6.1-kb Tc1-hybridizing
fragment was detected in the Xba I– digested
genomic DNA, which was present in 20 of 20 daf16(2) recombinants but absent in 15 of 15 daf-16(1)
recombinants and also absent in the wild-type strain
(N2). DNA from the corresponding region was then
extracted from agarose gels and circularized by selfligation. An inverse PCR strategy was used to identify
a Tc1-containing fragment with the expected size of
5.1 kb. The Tc1-specific primers used for inverse
PCR were 59-CCT TGT TCGAAGCCAGCTACAATGGC-39 and 59-TGATCGACTCGATGCCACGTCGT TGT-39. The 5.1-kb PCR product was cloned into
the pGEM-T vector (Promega, Madison, WI), and the
0.6-kb flanking Tc1 sequence was removed by digestion with Eco RV. The remaining sequence was
then used as a probe in subsequent experiments.
R. H. A. Plasterk and H. G. A. M. van Luenen, in C.
elegans II, D. R. Riddle, T. Blumenthal, B. Meyer, J.
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(positioned as shown in Fig. 2B). In addition, blast
searches with sequences contained on R13H8 identified three cDNA clones (yk13f11, yk31f10, and
yk32f8) in a C. elegans EST database. Complete
sequences of clones yk13f11 and yk31f10 were then
obtained, and both contained the longer form of the
transcripts, whereas the majority of the RT-PCR
products (with mixed-stage RNA preparations) contained the shorter form (see Fig. 2). In addition, the
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TECHNICAL COMMENTS
able to generate FasL-expressing myoblasts
that persisted as differentiated multinucleated myotubes for more than 80 days in
vivo. Moreover, our data show that islet
destruction is not prevented but accelerated by FasL-expressing myoblasts, presumably through a bystander effect mediated by
infiltrating neutrophils.
Our findings are in direct conflict with
those reported by Lau et al. (1). Subtle

jection (6, 13). FasL-specific activity is
known to vary as a result of polymorphisms
(14); however, both Lau et al. (1) and we
used the C57BL/6 form of FasL known to
have reduced cytotoxic potential. Taken together, these findings suggest that, although
FasL may have a role along with other factors in the immune privilege of the eye and
testis, expression of endogenous FasL alone is
unlikely to suffice.
In support of this conclusion, most cell
types and tissues that have been genetically
engineered to express FasL have been
shown to undergo destruction by neutrophils (5, 6). Thus, FasL expression has complex consequences (15), and further investigation of the effects of dosage, cell context, and microenvironment are warranted.
Our observations, although discouraging for
transplant purposes, suggest other applications for FasL and new approaches for defining the molecular determinants requisite
for immune protection.

Fig. 2. Implantation into kidney.
A
B
Nontransduced or FasL-transduced
lpr myoblasts were injected under
the kidney capsule of congenic
C57BL /6 mice (2 3 106 myoblasts
per kidney, 10 mice per group). (A,
C, and E) Kidneys transplanted with
D
C
nontransduced myoblasts appear
normal at all time points as visualized
by hematoxylin/eosin (HE) staining
of sections. (B, D, and F) In contrast,
each kidney transplanted with FasLexpressing myoblasts has a raised
white lesion revealed by histochemical analysis to be abundant in neutrophils as identified by nuclear morG
F
E
phology. A requirement for host Fas
expression for the granulocytic response was shown by the persistence over time of FasL-transduced
myoblasts transplanted into Fas-deficient lpr hosts (data not shown). (G)
Allogeneic islets of Langerhans
(600-800/transplant) from C3H mice
are rejected in 3 6 1 days when cotransplanted with congenic FasLtransduced lpr myoblasts (2 3 106
per transplant) into streptozocin-induced diabetic C57BL /6 mice (n 5
3), as determined by serum glucose
I
H
measurements. By comparison,
C3H islets transplanted alone are rejected in 10 6 1 days (P 5 0.001,
Student’s t test). Histology at 7 days
of co-transplanted kidneys is identical to that of FasL-expressing myoblasts injected alone, and islets are
no longer identifiable. Junction between normal renal tissue and the subcapsular grafts is indicated by arrows. (H) Immunohistochemical
staining with antibodies against desmin (brown) reveals that implantation of untransduced myoblasts led
to the formation of differentiated multinucleate myotubes, which were detected for at least 26 days (data
not shown). (I) By contrast, FasL-transduced myoblasts provoke an intense granulocytic infiltrate and are
destroyed within 7 days. (A and B) show grafts 3 days after transplantation; 34 magnification; (C and D)
3 days after, 38; (E to G) 7 days after, 3400; and (H and I) 7 days after, 3200.
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Fig. 1. Expression of Fas as analyzed by FACS.
Cell populations were analyzed by FACS with the
use of antibodies against murine Fas combined
with phycoerythrin (PE). Thin and thick lines show
FACS plots for control cells and antibody-treated
cells, respectively. BNLc12 cells, derived from liver, exhibit a shift in fluorescence indicative of Fas
expression and serve as a positive control (top
panel). Ipr primary myoblasts, which are deficient
in Fas, exhibit no such shift and serve as a negative control (middle panel). C3H primary myoblasts (bottom panel) exhibit a shift in fluorescence
not as great as that seen with BNL cells, but significantly higher than controls, confirming primary
myoblast expression of Fas. C57BL /6 myoblasts
gave FACS results indistinguishable from those of
C3H myoblasts (data not shown). Methods: Cells
were rinsed with phosphate-buffered saline (PBS)
and incubated for 2 to 20 min in PBS containing 1
mM EDTA in order to detach the cells from the
dish, and the cell suspension (2 3105 cells) was
then rinsed twice in PBS and incubated for 20 min
on ice with the mouse-Fas–specific antibody, PElabeled Jo2 antibody at 0.5 mg/ml (Pharmingen,
San Diego, California) in medium containing deficient RPMI, 4% fetal bovine serume, and 10 mM
Hepes. Cells were then rinsed with FACS buffer
and analyzed for Fas expression by FACS for PE.

technical differences can perhaps be invoked; however, it is unclear from our
studies how myoblasts that express both
Fas and FasL can avoid apoptosis while
differentiating or be available to induce
apoptosis of invading lymphocytes, as proposed by Lau et al. Even if clones of nonFas– expressing myoblasts were selected by
Lau et al. (1) and were therefore spared
from apoptosis, it remains an enigma how
such FasL-expressing myoblasts escaped
the granulocytic response that we observed and which resulted in premature
elimination of both Fas-deficient myoblasts (lpr) and islets. It has been suggested that the exact quantity of FasL expressed may be critical in determining
whether immunoprotection or immunodestruction occurs (12). However, we and others have found that, although low amounts
of FasL expression do not result in granulocytic infiltration, these amounts also do not
protect against T cell–mediated allograft re-
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would result in some attrition of islets. In
this regard, as noted in our initial studies
(1), we observed fluctuation in glucose in
diabetic mice receiving the highest numbers of FasL expressing myoblast (2 3 106).
In retrospect, this may have represented the
initial inflammation, which subsided 3
weeks after transplantation, as reflected in
stabilization of glucose in the blood (1).
The amount of FasL expression may be
critical in this regard in that there may be a
balance between FasL inducted local inflammation and immunoprotection (2).
We agree that immune privilege is more
than the expression of FasL and that there are
other factors at work, especially in light of our
inability to extend these findings to the NOD
mouse model of spontaneous diabetes. However, our initial studies showing that even a
bystander effect can prolong islet allograft survival (1) suggest that expression of FasL in the
context of alloantigen or autoantigen (as in
the case of islets) may enable specific killing
of T cells that are activated toward such coexpressed antigens. Although muscle cell expression of FasL in a local fashion may not be
applicable across all stains or species (because
of self apoptosis or destruction by neutrophils
in a confined space), ectopic FasL expression
(in the context of an alloantigen or autoantigen on engineered cells such as muscle) administered systemically may effect specific attenuation of an immune response. This attenuation has been demonstrated by Arai et al.
with the use of an allogeneic tumor cell engineered to express FasL (3). These recent findings may help define a role for the use of
engineered FasL expression in the modulation
of immune response.
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Response: Kang et al. raise several issues with
regard to engineered expression of FasL on
myoblast as a means of giving immunoprotection to islet allografts. In our initial studies, we observed the expression of FasL on
myoblasts from C57BL/6 mice cultured over
a long term; when differentiated in vitro,
these cells did not undergo apoptosis and
continued to express functional FasL. In
contrast, Kang et al. report that FasL expression of C3H myoblasts results in apoptosis
after differentiation. It is unclear why FasL
expression differs among different myoblast
populations; perhaps apoptosis resistance is
acquired during multiple passage, or susceptibility to FasL-induced apoptosis may be
strain dependent. We have transfected nonobese diabetic (NOD) mice myoblasts and
observed spontaneous cell death; however,
when myoblasts were preselected with prolonged culture with soluble FasL, we obtained apoptosis-resistant cells that permitted subsequent functional expression of
FasL. Preliminary co-transplantation experiments with allogeneic islets with these
NOD FasL1 myoblasts have not resulted in
prolonged survival. This cell mortality may
be a result of the greater complexity in the
killing of primed T cells that infiltrate and
destroy the islets, as one would expect to
find in the diabetic NOD recipient.
With regard to the issue of neutrophilic
infiltration, we have reexamined the histology of the composite grafts from our initial
study on day 3 after transplantation and
have observed local inflammation, but islets
and myoblast were present. Histology at day
7 revealed local pockets of neutrophilic infiltration, but again, islets and myoblast
were identified. By the fifth week after transplantation [as we originally observed (1)],
there was resolution of the inflammation,
and fused muscle cells were seen on histology. The prolongation of islet allograft survival we observed appears to be a bystander
effect of local expression of FasL in which
there is no specificity in the killing of infiltrating T cells. Thus, there may be a race
between the muscle cells and islets to survive the initial inflammation and still effect
apoptosis of infiltrating activated T cells
directed against the allogeneic islets. Under
such circumstances, transplantation of borderline numbers of islets required for correction of hyperglycemia would not result
in long-term correction of the diabetic
state, because the initial inflammation
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