K-T gap, rarefaction analysis indicates
that anywhere from 3 to all 10 of the
missing ammonites may have become ex-
tinct before the last 1.5 m of the Creta-
ceous (P = 0.05). We are unable to dis-
tinguish between these two end-member
possibilities. Thus, there was at least a
minor biological change, and perhaps a
fairly large extinction event, associated
with the regression that peaked shortly
before the K-T boundary. The fossil record
from outside the Bay of Biscay basin does
not help distinguish between these possi-
bilities, as only one of the 10 missing
species is known to have survived to the
K-T boundary elsewhere [Hoploscaphites
constrictus in Denmark (29)].

The ammonites in the Bay of Biscay are
preserved as impressions only and hence
can only be seen on bedding surfaces.
Within the marly pre-K-T gap there are
essentially no bedding surfaces exposed.
Hence, it is difficult to confirm that there
was a drop in abundance, if not diversity,
during the interval, or whether their ab-
sence in the pre-K-T gap simply reflects
collection failure (30). However, near
Hendaye in southern France, it is relative-
ly easy to excavate bedding surfaces in the
top 2 m of the pre-K-T gap. Quantitative
analysis of collecting intensity at this lo-
cality does indeed suppert the hypothesis
that, minimally, the abundance of ammo-
nites within the pre-K-T gap dropped in
comparison with the last 1.5 m of the
Cretaceous (31).

Of the 13 molluscan species known
from the last 1.5 m of the Cretaceous, only
six are known from two or more fossils:
five ammonites and T. argentea. Statistical
analysis of the fossil records of these six
species failed to reject the null hypothesis
that they became extinct at the K-T
boundary (Fig. 4). Thus, using the results
of the six species as a proxy for all 13
found in the last 1.5 m of the Cretaceous,
as well as any of the 10 missing ammonite
species that may have survived the pre—
K-T gap, we cannot reject the hypothesis
that all these species became extinct as a
result of the impact. However, the data are
also consistent with a range of gradual
extinction scenarios (I2) not enumerated
here.
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Melanoma Cell Expression of Fas(Apo-1/CD95)
Ligand: Implications for Tumor Immune Escape
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L. E. French, P. Schneider, T. Bornand, A. Fontana, D. Lienard,
J.-C. Cerottini, J. Tschopp*

Malignant melanoma accounts for most of the increasing mortality from skin cancer.
Melanoma cells were found to express Fas (also called Apo-1 or CD95) ligand (FasL). In
metastatic lesions, Fas-expressing T cell infiltrates were proximal to FasL™ tumor cells.
In vitro, apoptosis of Fas-sensitive target cells occurred upon incubation with melanoma
tumor cells; and in vivo, injection of FasL™ mouse melanoma cells in mice led to rapid
tumor formation. In contrast, tumorigenesis was delayed in Fas-deficient jor mutant mice
in which immune effector cells cannot be killed by FasL. Thus, FasL may contribute to

the immune privilege of tumors.

Membrane-bound Fasl (mFasL) induces
rapid cell death of Fas-sensitive cells (1).
FasL is not only one of three major cyto-
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lytic pathways used by cytolytic T cells to
kill target cells (2-4), but is also a key
element in the elimination of activated T
cells during the downregulation of the im-
mune response (5, 6). Similar to the struc-
turally homologous tumor necrosis factor
o (TNFa) (7, 8), processing of the mem-
brane-bound form of Fasl by metallopro-
teases results in shedding of the extracel-
lular portion (sFasL) (9—11). Patients with
diseases characterized by pathological cell
death, such as alcoholic hepatitis, contain
high concentrations of sFasl in their se-
rum (12). In the process of screening se-
rum samples from patients with other dis-
eases, elevated concentrations of sFasL
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were also observed in sera from 18 of 35
patients with malignant melanoma (Fig.
1A).

Although FasL expression was initially
thought to be restricted to activated T
lymphocytes (13), the ligand is also ex-
pressed in nonlymphoid cells such as cer-
tain epithelial cells, Sertoli cells, and neu-
rons {14-16). We therefore considered
the possibility that sFasL detected in these
sera was derived from cleavage of melano-
ma mFasL and not exclusively from acti-
vated T cells directed against the tumor
(17, 18). Substantial quantities of FasL
were found in lysates of a series of human
melanoma cell lines (Fig. 1B). As in Jurkat
T cells, two molecular species, one corre-
sponding to mFasL (40 kD) and the other
to sFasL (27 kD), were detected in some
melanoma cells by Western blot analysis,
indicating that cellular FasL can consist of
homotrimeric (mFasL,) as well as partly
processed  heterotrimeric  complexes
(mFasL,-sFasL or mFasL,-sFasL,). FasL
expression by the human melanoma cell
lines was confirmed by reverse transcrip-
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tase—polymerase chain reaction (RT-
PCR) (19). Melanoma-expressed FasL was
active, as Fas-sensitive A20 B lymphoma
cells, but not the FasL-resistant A20R
cells (20), underwent apoptosis when cul-
tured with melanoma cells (Fig. 1C). Lit-
tle or no Fas was expressed by these mel-
anoma cells (19); they were also resistant
to apoptosis mediated by recombinant
FasL (Fig. 1D).

To exclude the possibility that FasL
expression in melanoma cell lines was sim-
ply a consequence of prolonged in vitro
culture conditions, Fasl expression was
studied by immunohistochemistry in sec-
tions of metastatic melanoma lesions from
seven individuals. In all patients, tumor
cells expressed FasL but not Fas (Fig. 2, A
to F). In contrast, the majority of cells
infiltrating the tumor mass were Fas-posi-
tive (Fig. 2C). No FasL was found in
normal melanocytes of the skin, indicating
that FasL upregulation probably occurs
during tumorigenesis (Fig. 2, G and H).
However, the limited number of patients
studied does not yet permit us to correlate

A20R

T —

Melanoma cell lines

D

gmo

2 75
Fig. 1. (A) Detection of soluble FasL &
(sFasl) in serum samples from patients £ 50
(252, 256, and so forth) with melanoma. &
Serum aliquots were subjected to SDS- g 25
PAGE (10%) under nonreducing condi- < 0
tions and immunoblot analysis using an

anti-FasL antibody (32). Serum-derived
sFasL migrates as a oligomeric complex
under nonreducing conditions (~70 kD).

|
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i
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Melanoma cell lines Control cell lines

The control lanes correspond to serum samples from a normal donor with no detectable sFasL
(Control) and from a.patient with alcoholic hepatitis with very high levels of FasL (Hepatitis),
respectively (72). Immunodetection of sFasL was inhibited in the presence of peptide (100 wg/ml)
corresponding to the epitope recognized by the antibody (33). (B) FasL expression in melanoma
cell lines derived from patients with malignant melanoma (32). Triton extracts were analyzed as in
(A). The transmembrane form of FasL is 40 kD; some cells show the proteolytically cleaved sFasL
product (27 kD). (C) In vitro kiling of Fas-sensitive cells by melanoma cells. Fas-bearing A20 B
lymphoma cells were cultured with melanoma cell lines derived from various patients (190, 248, and
so forth). Cell death was Fas-dependent, since only the FasL sensitive A20 lymphoma cell line but not
the Fasl-resistant variant cell line A20R was killed (34). Controls: Melanoma effector cells are
replaced by A20 cells and FasL, respectively. (D) Melanoma cell lines resist killing by FasL. Various
cell lines were incubated with recombinant FasL. Controls: A20 cells and mutant A20R cells were

used as target cells.
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FasL expression on melanoma with the
severity of the disease.

The expression of FasL expression may
help to maintain the integrity of immune
privileged sites. In many of these sites, includ-
ing the eye, inner ear, testis, or brain, consti-
tutive FasL expression is observed (14, 16),
and FasL* cells may kill Fas-sensitive T cells
entering such sites (15, 16). In this con-
text, FasL-expressing melanoma cells might
induce apoptosis of Fas-sensitive, tumor-
infiltrating cells. With the use of the ter-
minal deoxytransferase—mediated deoxyuri-
dine 5'-triphosphate nick end labeling
(TUNEL) technique that detects single
strand DNA breaks (21), apoptotic cells
were identified in regions where tumor-
infiltrating T lymphocytes were found (Fig.
3, A and B).

If FasL-expressing melanomas could
kill infiltrating immune effector cells
through FasL-Fas interaction, cells from
Ipr mice that express little or no Fas (1)
would be expected to be less sensitive to
FasL-dependent apoptosis and, conse-
quently, be more efficient in the elimina-
tion of tumor cells. We tested this hypoth-
esis by subcutaneously injecting B16-F10
(22) mouse melanoma cells that express
substantial quantities of FasL protein (Fig.
4A) and message (Fig. 4B) into young
syngeneic C57BL/6 mice carrying the lpr
mutation in the fas gene. Tumor growth in
mutant mice was compared to that in
wild-type mice (Fig. 4C). In a representa-
tive experiment, 4 of 10 wild-type mice
carried a palpable tumor on day 4 after
injection, but only 1 of 10 Ipr mice was
affected. At day 6 after injection, all wild-
type mice had a palpable tumor, whereas
half of the lpr mice were still devoid of
tumors. Tumor size differences became
smaller thereafter. To ascertain that the
increased rejection of melanoma cells was
indeed due to the absence of Fas and not
due to the hyperactive immune system
found in Ipr mice (1), melanoma cells were
also injected into gld mutant mice that
lack functional FasL (I). Unlike in Ipr
mice, tumor growth in gld mice was rapid,
and comparable to that of wild-type mice
(Fig. 4C), thus supporting a crucial in-
volvement of the Fas system in tumor
rejection. The differences in tumor estab-
lishment were even more pronounced
when B16-F10 cells (H2?) were injected
into allogeneic MRL mice (H2%). At the
high cell numbers injected, MRL mice did
not reject the allogeneic tumor cells dur-
ing the observation period (mice were
killed after 12 days), with tumor growth
rates comparable to syngeneic C57BL/6
mice (Fig. 4D). Five days after injection,
all MRL mice had growing tumors whereas
70% of MRL-Ipr mice were still tumor-free
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(Fig. 4D). Melanoma cells freshly isolated
from these tumors were cytolytic and
killed target cells via a Fas-dependent lytic
pathway (Fig. 4E).

Ample evidence exists showing that
melanomas can be immunogenic: some tu-
mors spontaneously regress, and they often
have large lymphocytic infiltrates (18).
Melanoma-specific cytolytic T lympho-
cytes (CTLs) have been isolated from tu-

mor infiltrating lymphocytes and periph-
eral blood from many melanoma patients
(23-25). Nearly a dozen CTL-defined
melanoma peptide antigens have been
identified (26). Yet, melanoma cells, like
most other cancer cells, are able to avoid
immune destruction in most instances.
The mechanisms responsible for such an
immune privilege could include the secre-
tion of soluble inhibitory factors by tumor

B

Fig. 2. Expression of FasL in human malignant melanoma but not in melanocytes (A) Melanomas are
positive for the MAGE antigen (35). (B) Expression of FasL in malignant melanoma (M) from patients
190 (B) and 225 (D), respectively. Higher magnification (F) suggests that FasL can be retained in the
cytoplasm, in agreement with its subcellular localization in activated T cells (36). (C) Cells infiltrating
the tumor mass (marked with M). A substantial portion of the infiltrating cells are Fas-positive (arrow).
(E) Control: The antibody to FasL, A11, was replaced by rat Ig. Normal human skin was stained for
FasL in (@) and for the melanocyte-specific antigen HMB45 (arrow) in (H). Keratinocytes (K) express
low amounts of FasL and melanocytes expressed no detectable FasL. Scale bars are each 20 pm:
bar in (E) applies to (A) through (E); bar in (H) also applies to (G).
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cells, such as transforming growth factor—
B (TGF-B) or interleukin-10 (27, 28),
downregulation of MHC molecules ex-
pressed by tumor cells (29), or abnormal T
lymphocyte signal transduction (30).
Combining the results presented here with
the proposed role of FasL in creating im-
mune privileged sites (15, 16), an addi-
tional mechanism may be considered:
FasL-expressing melanoma cells may pro-
tect themselves against tumor-infiltrating
Fas-sensitive immune effector cells. The
delay in tumor formation in Ipr mice is in
agreement with this premise, attributing
an important role to the Fas system in the
modulation of the anti-tumor immune re-
sponse. These data may also explain a
previous finding showing that the immu-
nosuppressive state induced by melanoma
cells is TGF-B-independent and requires
direct contact between tumor cell and T
cell (28). The molecular basis of this ob-
servation remains unknown and may be
complex, but may be similar to the one
protecting allogeneic islets from immune
rejection, when these are cotransplanted
with myoblasts ectopically expressing FasL
(31). As proposed for FasL-expressing tes-
tis grafts or stromal cells of the anterior
chamber of the eye, FasL-expressing mel-
anoma cells may kill Fas-sensitive activat-
ed T lymphocytes (15, 16). However, oth-
er explanations, including the downregu-
lation of an early unspecific response by

Fig. 3. (A) In situ detection of T cells infiltrating a
melanoma lesion (M). T cells extravasating a blood
vessel (L, lumen) were stained using an antibody-
CD83 specific antibody (closed arrow). (B) In situ
detection of apoptotic cells (open arrow) in the
tumor. Apoptotic cells were detected through the
staining of DNA fragments with the TUNEL assay
(87). Scale bar, 20 pm.
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Fig. 4. Consequences of A B 100 125
Fas-deficiency on tumor g g Er e o (o] D
growth (38). (A) Expression & & 2 & £ g 100-
of FasL in melanoma B16- e @ § & E 5 —m—wr
F10celllines as detected by 47 _ A e T SR 754
immunoblots and (B) by RT- E 504 —o0— gig
PCR. Controls: In (A) inclu- S— = o
sion of peptide (100 ug/ml) 32— L 5 D
corresponding to  the 55 _ E 259 254
epitope detected by the an- 445 — =
tibody to FasL (+peptide), 0 OJ
and in (B) amplification of R L e P TR ol 0.1 2 3 4 5§
FasL cDNA (543 bp) in Neuro-2a—FasL but not in Neuro-2a-mock transfectants,
respectively, and amplification of actin cDNA (in B). (C) Tumor progression in SYE N jdstion Days sfter Injoction .
C57BL/6 (WT), C57BL/6-Jor, and C57BL/6-gld mice. The number of mice (in %)
with palpable tumors are indicated. Data are representative of three to five experiments with 9 to 13 mice per 100
group. Tumor size was measured daily. (D) Tumor progression in MRL and MRL-/or mice. Data are represen- A20 A20R
tative of three experiments with 9 to 12 mice per group. (E) Lytic activity of B16-F10 cells on Fas-sensitive A20 T 754 ,
B lymphoma target cells. Melanoma cells were isolated from the tumor of C57BL/6 mice 5 days after injection. &
Controls: Melanoma effector cells were replaced by A20 cells and FasL, respectively. Melanoma cells do not Kill §
the variant, FasL-resistant A20R cells. g
2
2
killing Fas-expressing granulocytes, mac- 23. IL;éM' wl;‘-"- P.J. ’55585595;1 gggcm" + S.A. Rosen- g7
rophages, or NK-cells recognizing B16-F10 a4, M.rgeﬁ.nr:trra]l!{?;}. ¥ Cancef, 39, %'90 (1987), T
melanoma cells that express few MHC 5. 1.Boon, J. G. Gerottin, B. Van den Eynde, P. van der &

molecules (19), are as likely. Preliminary
results show that tumors other than ma-
lignant melanoma express FasL, suggesting
that FasL expression may be a more gen-
eral strategy used by tumor cells to escape
immune rejection. Thus, pharmacological
products that render infiltrating T cells
insensitive to FasL-induced killing may
help break the immunological unrespon-
siveness to melanoma and, possibly, pro-
vide a complementary approach in the
therapy of malignant melanoma.
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