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Abstract Materials and Methods

A recent report described the expression of Fas ligand (FasL) by Melanoma Cells and ReagentsMelanoma cells were obtained from pa-
melanoma cells as an important mechanism involved in the immune tients with histologically confirmed metastatic melanoma by either surgical
evasion by tumors [M. Hahne et al., Science (Washington DC)274: resections or FNAs. All patients signed informed consent and were enrolled in
1363-1366, 1996]. To investigate the expression of FasL by melanomas, werials approved by the Institutional Review Board of the National Cancer
screened a panel of early-passage cell lines by functional assay and reversanstitute. All cell lines were grown in RPMI 1640 supplemented with 10% fetal
transcriptase-PCR. Using conditions designed to replicate those in the bovine serum, 100 units/ml penicillin, 1Q&y/ml streptomycin, and 5p.g/ml
original report, we did not find functional FasL on any of the 19 human gentamicin. FNA cultures were passaged 5 (JM), 6 (JR), and 10 (FB) times to
melanoma lines established at the National Cancer Institute. Further- remove contaminating T lymphocytes and then tested for FasL expression by
more, we additionally evaluated our melanoma lines using reverse tran- RT-PCR. Two freshly derived melanoma cultures from surgical specimens
scriptase-PCR and found that 0 of the 26 human melanoma cell lines \yere also tested for FasL mRNA: 1448Y (passaged four timesivo) and
expressed FasL mRNA. FasL mRNA was abundantly expressed by anti- 118> (passaged eight times). Additionally, nine melanoma lines established
melanoma T-cell _Iine_s after activation. These data do not support arole fom surgical specimens with<20 passages were tested by RT-PCR. The
for FasL expression in the escape of melanoma cells from immune de- 5|0 adenocarcinoma cell line, SW480, was purchased from American Type
struction. Culture Collection (Manassas, VA) and is derived from the same patient as

) SW620. The target cells L1210 and L1210-Fas and the T-cell hybridoma D11s
Introduction were a gift from Pierre Henkart (National Cancer Institute). A20 was pur-

The molecular identification of antigens recognized by T cells o%hased from American Type Culture Collection.
9 9 y he caspase inhibitor z-Val-Ala-Asp-GH (z-VAD.fmk) and the control

the surf_ace of melanoma (_:ells has led the W"?‘y to the deyelopmen&_ A.fmk were reconstituted according to the manufacturer’s protocol and
recombinant and synthetic anticancer vaccines. The first of theg@y at a final concentration of 364 (Enzyme Systems, Dublin, CA).
vaccines are now available for testing in clinical trials; some have rynctional Assay for FasL. Target cells were labeled with 200Ci of
shown objective clinical responses in patients with extensive mefgebicro, (Amersham) fo 1 h at37°C and then washed three times to remove
static melanoma (1-4). Despite advances in the development of n&wess chromium before they were added to 96-well plates in triplicate. The
immunotherapies, many patients do not respond favorably to vaceffector cells were plated at & 10* cells/well and grown to confluence for
nation, leading many to speculate that tumors may actively eva@eh before the addition of 2&hromium-labeled target cells. Maximum lysis
immune destruction by selective loss@fmicroglobulin, MHC class of labeled cells was achieved with 2% SDS. After 1620 h of incubation, the
| expression, antigen processing capability, and antigen expressiof\#ternatants were collected, and the amount of reledgzdvas determined
by their induction of changes in T cells (5). An original view of FAsL Py y-photon counter. The spontaneous lysis was alwa§8% of maximum
(CD95L) function, which has since been retracted, was that Fa¥f!s: Percet”tage Spec'f')cl( lysis WT‘S Ca'cu'atte‘j as fo"o"";: l[c()%"pe”me”ta'
— spontaneous cpm)/(maximal cpm spontaneous cpm .
would engage Fas receptor on the surfaces of T lymphocytes R T_PCR Detection of FasL. mRNA. Total RNA from SWA80 and durkat
would stray into “immune-privileged” areas (6). Melanoma cells were

ted t Fasl bling th ¢ tivel de i melanoma cell lines and antimelanoma cell line CTL 1143 was obtained by the
reported o express Fastk., enabling them fo actively evade imm zol method (Life Technologies, Inc.). RNA was dissolved in diethyl

atta(?k (_7)' To the best of our k_nowl_e(_jge, there has been a S'ngg}f"ocarbonate-treated water and storeet @0°C. Using gene-specific, intron-
confirming follow-up report to this original study (8), but the Onlyspamning primers, we performed cDNA synthesis and PCR amplification in a
evidence presented was based on fluorescence-activated cell SOK|Rgle-step reaction using g of RNA per reaction (SuperScript One-Step
analysis of melanoma cells using the C-20 polyclonal antibody (Samm@-PCR System; Life Technologies, Inc.). In the minus RT reactions, PCR
Cruz Biotechnology), which has been shown to stain FasL-unrelat8apermix containing Taq (Life Technologies, Inc.) was substituted for the
proteins (9, 10). Because the expression of FasL by melanoma céllgerScript I| RT/Tag Mix. The intron-spanning primers used in these exper-
could be a potential obstacle in the development of cancer vaccimgnts were previously used to detect FasL mRNA (11) and had the following

and adoptive immunotherapies, we explored the expression of Fasguences: forward, 5'-GGATTGGGCCTGGGGATGTTTCA-3"; and reverse,
by a random Samp“ng of 26 of thee100 melanoma cell lines 5'-TTGTGGCTCAGGGGCAGGTTGTTG-3'. These primers generated a

generated in our laboratory at the National Cancer Institute. In copft4-PP product from FasL mRNA and a 6.3-kb fragment from genomic DNA.

trast to these earlier reports (7, 8), we were unable to demonstrateFfﬁg?gg’ézdcg’ggggfgéglggf ?":‘S follgws (54O-b%'pg)$écct2|i'rfmi;qf
expression of FasL by either sensitive functional assays or by RY- "o, and reverse, 5- )

PCR ACGCACGATTTC-3'. The primers were used at a concentration of 20 pmol
) per reaction. The cDNA synthesis step was performed at 45°C for 20 min
: followed by 94°C for 2 min. After cDNA synthesis, PCR amplification was
Received 10/15/98; accepted 11/13/98. ) performed with 40 cycles of the following: 94° for 15 s, 55° for 30 s, and 72°
The costs of publication of this article were defrayed in part by the payment of pa{goer 1 min. PCR products were analvzed on a 1.5% agarose gel using ethidium
charges. This article must therefore be hereby masdartisemenin accordance with oo P . 2 Y ) . g 9 9 .
18 U.S.C. Section 1734 solely to indicate this fact. bromide and UV illumination for detection of DNA fragments. For compari-
* To whom requests for reprints should be addressed, at Surgery Branch, Natiasgh, non-intron-spanning primers used by Tscheppl. (7) were: forward,

Cancer Institute, NIH, 10 Center Drive MSC-1502, Bethesda, MD 20892-1502. E'm%;—CTCTGGAATGGGAAGACACC—S" and reverse. 5'-ACCAGAGAGAG-
restifo@nih.gov. ! !

2The abbreviations used are: FasL, Fas ligand; RT, reverse transcriptase; FNA, fnECAGATACG-3'. These primers generated a 327-bp fragment from both
needle aspiration; ICE, interleukirngiconverting enzyme; IL-, interleukin 18. FasL mRNA and genomic DNA.
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Results and Discussion been reported previously to detect FasL expression by tumors (11). We
) randomly sampled 26 of the 100 melanoma cell lines generated in our

. Human Melanoma C.e”S Do Not Express Functional FasL.To I?boratory to minimize sampling error. None of the 26 human melanoma

investigate the expression of FasL by melanomas, a panel of earc¥7I lines expressed FasL mRNA, as evaluated by RT-PCR (Fig. 2).

passage cell lines derived from patients at the National Cancer InstitH L?rthermore we arew earlv-passage melanoma cells obtained by ENA
were screened by functional assay and RT-PCR. The assays used were ' 9 y-p g y

designed, in part, to replicate those used by Hatinal. (7). In the om ?:l:\lr Apatlﬁnts, agg (.)]:;I:e T dI;\/]n;phocytes Wi.r € ?"m::natl_ed’ three.of
functional assay previously shown to detect FasL-mediated apoptogg?;_r PCR(’:U 'gresé T ,fan hi ()jw_ere dnegall ve for als exp;essmn
melanoma cells were incubated with cells sensitive to FasL-media ) (Fig. B). Two freshly derived melanoma cultures from

killing (12). Two cell lines, A20 and L1210-Fas, expressed Fas, s4'9ical specimens were also negative: 1448Y (passaged 4etmes)
measured by flow cytometry (Fig.Al, and were sensitive to FasL- and 1182 (pgssaged 8 times), as were an additional nine Ilneg\zﬁh'
mediated cell death when they were incubated with D11s (Faslg. Passages (Fig. 2 andB). In contrast, FasL mRNA was detected in
1, B-D). This kiling was blocked by the caspase-specific inhibito@ntimelanoma T cells after growth in IL-2 or activation with OKT3 and
z-VAD.fmk, which blocks the processing of CPP32, but not with th#) activated but not resting Jurkat cells (Fig. 2). One tumor cell line
control fluoro-methyl-ketone, z-FA.fmk (FigB). None of the19 human originating from a colon adenocarcinoma, SW480, expressed FasL
melanoma lines tested killed the Fasargets in this functional assay, MRNA, as reported previously (13). This finding served to verify the
which was negative in six independent experiments (Fi§ andD).  sensitivity of this assay in the detection of FasL mRNA in nonlymphoid
Human Melanoma Cells Do Not Express FasL by RT-PCR. cells.
Because the results from the functional assay were in direct contrast tdechnical Considerations: PCR Primers and Caspase Inhibi-
those reported previously (7), we directly tested whether or not melanotnes. Using a highly sensitive functional assay and RT-PCR, we did
cells expressed FasL by RT-PCR using intron-spanning primers that haweé detect FasL in metastatic melanoma cells obtained from patients
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A. o Melanoma Lines not blocked by z-VAD.fmk (Fig. B), suggesting a nonapoptotic form
045 & 1 of cell death. These findings underscore the importance of using
&M, 9 S apoptosis inhibitors in the analysis of the expression of functional
PR RIS R e F ifici i
DR Y PRI EOR L asL. Furthermore, the specificity of death induced by purportedly
RT R e e FasL" tumors that has been reported previously has recently been
FasL 344bp —»- _ questioned (15). Indeed, the SW480 colon line, which was positive for
FasL expression by RT-PCR in our experiments, was recently shown
’ to be incapable of inducing Fas-mediated lysis (15).
Actin 540bp —>» . . . :
P m Theoretical Considerations: FasL and Inflammation. The par-
adigm summarized originally by Vaux (and recently retracted; Ref. 6)
B o Melanoma Lines was one in which |mmune-pr|V|!eged sites express Fasl__ e_md destroy
. o*:\ o T ! infiltrating T lymphocytes. A similar scenario was envisioned for
QK o\c\ S tumor cells. The expression of FasL would make these tumor sites
0¥ o0 & P O e B PSP o - . ,
AR R S G NG privileged as well. This hypothesis, however, may not fully take into
RT +-+4 - +-+-+++++++++++ + account the immunological implications of the induction of apoptotic
FasL 344bp death of T cells, macrophages, and other Fas-expressing bystander

cells. Specifically, cells killed through the Fas pathway are killed
through a cascade of caspase proteases (16), including caspase-1 (also
known as ICE). ICE may be a nexus of the ancient death pathway and
the more recently evolved immune system. This enzyme cleaves

Fig. 2. Melanoma cell lines do not express FasL mRNA by RT-PCR. Total RNA wi rO-lL-lB into active ”—']B (16). The release of activated ”-B:by
isolated from cultured melanoma lines, the antimelanoma T-cell line 1143, Jurkat cells . s in th bed Id likel deal of
and the FasL colon carcinoma SW480 cells (TRIzol; Life Technologies, Inc.). The R'IapOptOt'C cells in the tumor bed wou Ikely attract a great €al o

reaction was followed by 40 cycles of PCR using intron-spanning prinfefsctin was — immunological attention.

amplified as a positive control for each cell lineanes+, addition of SuperScript Il to . i f . . )
the RT reactionLanes—, absence of SuperScript Il in the RT reacti@v.a 344-bp A similar finding of inflammation as oppased to Immune suppres

fragment corresponding to FasL mRNA was observed in the antimelanoma T cell 80N has been reported when FasL is expressed in pancpeattt
1143 after growing in IL-2 and after TCR cross-linking with OKT3. FasL mRNA wagransplants. Rather than conferring immune privilege to transplghted

o o o e e e cimona Efes. 2 result that would and represent a significant advance i the
but not in any of the 26 melanoma cell lines tested in four separate experirBerss. treatment of diabetes mellitus, FasL-expressing islets cells are tar-
nonoverlapping panel of melanoma lines demonstrating the absence of the 344-bp f@éted for rapid destruction (17-19). In another line of investigation,
ment that corresponds to FasL. .. . .
allogeneic islets of Langerhans cells wrapped with syngeneic myo-
blasts expressing FasL elicited a rapid inflammatory response, result-
treated at the National Cancer Institute. These results are in dirgg in the formation of an abscess filled with granulocytes (20).
contrast to those published previously (7). Haknel. (7) stated that Finally, generation of a recombinant vaccinia virus encoding FasL
melanoma cells expressed FasL by RT-PCR; however, their data weses not found to be more virulent. Instead, experiments done by
generated using non-intron-spanning primers, which will give thénkernagel and coworkers (21) with such recombinant vaccinia virus
same-sized PCR product for both genomic DNA and mRNA (sefemonstrated no direct role for CD95L in down-regulating antivac-
“Materials and Methods”). Therefore, small quantities of DNA coneinia CTLs.
tamination in the RNA preparation may give a false-positive result. Data from experimental animals confirm the potentially proinflam-
Other confounding variables need to be considered during the analysetory effects of the constitutive expression of FasL (14, 22). Tumor
of literature concerning FasL expression by tumors. Fresh tumeells were transfected with functionally active FasL. Rather than
samples will have lymphocyte contamination, and detection of Fagkanting immune privilege status to tumor cells, the experimental data
cannot be attributed to the tumor cells unless precautions are takedeémonstrate that FasL had the opposite effect. FasL-expressing tu-
ensure the removal of lymphocytes and other nontransformed cefisrs elicited a rapid influx of neutrophils, signaling the inflammatory
that may express FasL, such as vascular endothelial cells. microenvironment. The finding that constitutive FasL expression by
To avoid artifacts from DNA contamination and primer selectiortumors is inflammatory rather than immunosuppressive has been
intron-spanning primers that were previously reported to detect Fastnfirmed in three different experimental tumor models including
in tumor cells were chosen and fresh tumor samples (either surgicaBdi6, CT26, and RENCA (14, 22). Induction of FasL expression by
FNA) were passaged for short periddwitro to remove lymphocytes. human melanoma cells would likely enhance their immunogenicity
Although FasL expression was not detected in melanoma cells, theough the activation of ICE-family proteases and the production of
confirmed the expression of FasL mRNA by tumor-infiltrating lym-activated IL-13, and it represents a novel immunotherapeutic strategy
phocytes and a colon adenocarcinoma that served to verify the sgi#). Clearly, immune privilege is more than the mere expression of
sitivity of the assay (Fig. 2A andB). FasL and will likely involve other immunomodulatory factors, such as
The functional assay used in this report was designed to reproddcaF-8 (23).
the conditions used by Hahret al. (7) including the same target Our recent success in vaccinating patients with metastatic mela-
(A20) and incubation time. The results from our functional assay anema has been tempered by our inability to determine what biological
in agreement with those recently published by Agtial. (14), who variables contribute to the clinical response (4). The hypothesis that
demonstrated that none of the six human melanoma cell lines that tlseyne melanoma lesions express FasL offered an attractive explana-
studied expressed functional FasL. Although Haénal. (7) demon- tion for the heterogeneity of responses seen in immunotherapy pro-
strated low levels of target cell lysis (at most, 30%), they did not shatwcols. We were unable to establish any clinical correlate because all
any ability to block this apparent lysis with anti-Fas antibodies @f the melanoma cells that we tested were found to be negative for
caspase inhibitors (7). We consistently observed nonspecific killik@asL expression. A more complete understanding of the proinflam-
(~5-30%) of the L1210 parental cell line (which did not express Fashatory effects of FasL-mediated caspase activation may lead to the
However, the killing of the parental L1210 by the FasD11s was enhanced effectiveness of vaccines for infectious diseases and cancer.
61
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