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The Intronic Region of an Incompletely Spliced gp7100 Gene
Transcript Encodes an Epitope Recognized by
Melanoma-Reactive Tumor-Infiltrating Lymphocytes

Paul F. Robbins,” Mona El-Gamil, Yong F. Li, Ellen B. Fitzgerald, Yutaka Kawakami, and
Steven A. Rosenberg

Recent studies have characterized a number of the Ags that are recognized by melanoma-reactive T cells. Although the majority
of tumor Ags appear to represent nonmutated gene products, a variety of epitopes have been shown to arise from either mutated
or alternatively processed transcripts. Here, we report that the screening of a cDNA library with a HLA-A24-restricted mela-
noma-reactive T cell cloid derived from tumor infiltrating lymphocytes resulted in the isolation of a variant of the gp700 gene
that had retained the entire fourth intron of this gene, termed gp100-in4. The gp700-in4 transcript could be detected by reverse
transcriptase-PCR but could not be detected in Northern blots conducted with melanoma RNA, indicating that it represents a
relatively rare transcript. Read-through of this transcript into the region corresponding to the fourth intron gave rise to an
additional 35 amino acids not found in the normal gp100 glycoprotein, and a peptide within this region conforming to the
HLA-A24 consensus motif (VYFFLPDHL) was shown to be recognized by the T cell cloid. The sequence of the intron was
identical with that of a previously isolated genomic gp700 clone, and T cells that recognized the gp700-in4 gene product were
found to recognize HLA-A24-matched allogeneic melanoma cell lines and melanocytes, demonstrating that this represents a
nonmutated epitope. These results further extend the types of Ags that can be recognized by melanoma-reactive T cells to

aberrant transcripts of melanosomal genes.

tudies conducted over the past several years have indicated

that tumor-reactive T cells isolated from melanoma pa-

tients recognize a variety of products. Some of the Ags
recognized by melanoma-reactive T cells represent nonmutated
gene products the expression of which in tissues of normal adults
appears to be restricted to the testis. These include MAGE-I,
MAGE-3, BAGE, and GAGE, which are expressed in 30 to 70%
of melanomas as well as in additional tumor types (1-4). A num-
ber of nonmutated genes that are expressed in normal melanocytes
but not in other normal tissues also appear to encode Ags recog-
nized by melanoma-reactive T cells. These include the MART-1/
MelanA, gpl00, tyrosinase, and gp75 melanocyte lineage gene
products (5-10).

Melanoma-reactive T cells have also been shown to recognize
mutated products of the CDK-4 (11) and B-catenin (12) genes, as
well as the product of a previously undescribed gene, termed
MUM-1 (13). T cell clones isolated from a renal cancer patient
reacted with a point-mutated HLA-A2 gene product that was ex-
pressed in the autologous tumor (14).

Additional mechanisms have also been found to be involved in
generating Ags recognized by tumor-reactive T cells. The T cell
epitope identified in MUM-! appeared to span an intron-exon
boundary (13). A novel product of the N-acetylglucosaminyltrans-
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ferase V (GnT-V)? gene, transcribed from a cryptic promoter lo-
cated near the 3’ end of one of the GnT-V introns, encoded a T cell
epitope recognized by HLA-A2-restricted melanoma-reactive
T cells (15).

This study demonstrates that HLA-A24-restricted, melanoma-
reactive T cells recognize a nonmutated peptide encoded by an
aberrant transcript of the gp/00 gene. This transcript contained the
fourth intron of the gp/00 gene, and the T cell epitope was en-
coded within this region. Peptides derived from additional introns
present in gpl00, as well as the introns present in other genes that
have been shown to encode tumor Ags, thus represent potential
targets for tumor-reactive T cells.

Materials and Methods
Cell lines

The isolation of the 293-A24 cell line, which stably expressed HLA-A24,
has been previously described (10). The 293-A24 line was grown in
DMEM containing 7.5% fetal bovine serum, and melanoma cell lines were
isolated in this laboratory and grown in RPMI 1640 media containing 5%
fetal bovine serum. Melanoma-reactive CTL were derived from tumor-
infiltrating lymphocyte (TIL) cultures grown in AIM V medium (Life
Technologies, Gaithersburg, MD) containing 1000 IU/ml of IL-2 as pre-
viously described (16). T cell cloids were derived by culturing cells under
limiting dilution conditions by stimulation with anti-CD3 Ab (OKT-3,
Ortho Pharmaceuticals, Raritan, NJ) as previously described (17). Briefly,
5 X 10* irradiated (30 Gy) allogeneic PBMC and 10* irradiated (120 Gy)
autologous EBV B cells were plated in round-bottom 96-well plates with
2 to 100 T cells per well. Cells were cultured in RPMI 1640 medium
containing 10% human AB serum and 30 ng/ml OKT3 Ab and 120 IU/ml
of IL-2. The medium was changed on days 5 and 8, and clones were
assayed 12 to 16 days after stimulation. T cells were then expanded by
plating 5 X 10* to 10° cells in a T25 flask in 25 ml of medium with

2 Abbreviations used in this paper: Gnt-V, N-acetylglucosaminyltransferase V;
TIL, tumor-infiltrating lymphocyte; RT, reverse transcriptase; GM, granulocyte-
macrophage.
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Table |.  Recognition of gene transfectants and melanoma cell lines
by T cell cloid 5A

Stimulator Transfected HLA-A24 GM-CSF Release
Cell Line? Gene Expression (pg/ml)
293-A24 MART-1 + <8
gp100 + <8
Tyrosinase + <8
gp7/5 + <8
B-catenin + 17
Clone D12-3 + 80
888 mel None + 17
1290 mel None + 18
501 mel None + 25
1300 mel None + <8
397-A24 mel None + 45
397 mel None - <8
SK23 mel None - <8
None - <8

25 X 10° T cells were incubated with 5 X 10% target cells for 18 h, and the
release of cytokine was measured using a GM-CSF ELISA.

2.5 X 107 irradiated PBMC and 5 X 10° irradiated EBV B cells in medium
containing 30 ng/ml OKT3 Ab. The T cell cloid SA was isolated from a
plate initially containing 100 responding T cells per well, at which density
essentially all wells were positive for growth. The T cell cloids 15, 16, and
18 were isolated from wells initially plated with 10 T cells per well; at this
density 27% of the wells were positive for growth.

The normal melanocyte cell line 2488 (HLA-A2, A24) was obtained
from Clonetics {San Diego, CA), and the melanocyte cell lines 1070 (HLA-
A24, A29) and 1085 (HLA-A2, A3) were kindly provided by Dr. Meynard
Herlyn (The Wistar Institute, Philadelphia, PA).

cDNA library construction and screening

A cDNA library was constructed from 5 mg of poly(A)* mRNA that had
been twice purified using the poly(A) tract isolation system (Promega,
Madison, WI). A directional cDNA library was produced using random
primers according to the manufacturer’s instructions (Novagen, Madison,
WI). Briefly, random primers containing two T residues at the 5’ end were
used for reverse transcription of oligo(dT)-purified mRNA. Following li-
gation of the oligomer 5'-GCTTGAATTCAAGC-3’ to the cDNA, DNA
was digested with HindlIll, resulting in clones containing an EcoRI site at
the 5’ end and a HindlIll site at the 3’ end. The pPCDNA3 eukaryotic ex-
pression vector was modified by digesting with HindlII and filling in the
overhang with Klenow, then ligating the resultant product to destroy this
HindIll site. This plasmid was then digested with Xbal, and the oligomer
CTAGAAGCTT containing a Hindlll site was ligated into the Xbal site.
The modified pCDNA3 vector was then digested with EcoRI and Hindlll,
and used for ligation with the ¢cDNA library. Pools containing ~200
cDNAs were generated by estimating the titer following plating of trans-
formed DH510B Escherichia coli on plates containing 100 mg/ml of am-
picillin, and 200 bacteria were grown for 48 h in a 1-ml block (Advanced
Genetics Technologies Corporation, Gaithersburg, MD). The plasmid
DNA was purified using the Wizard 9600 purification system (Promega),
and transfection and screening assays were conducted as previously de-
scribed (12). Granulocyte-macrophage (GM)-CSF release was detected us-
ing an ELISA assay conducted with an Ab pair obtained from Endogen
(Cambridge, MA).

Sequencing and PCR analysis

Sequences of the isolated cDNA clones were determined using an ABI
Prism 310 automated capillary electrophoresis instrument (Perkin-Elmer,
Foster City, CA). Cycle sequencing reactions were conducted using
AmpliTag DNA polymerase FS enzyme reaction kits (Perkin-Elmer).
Sequences were compared with the GenBank database using the
BLAST algorithm. Reverse transcriptase (RT)-PCR reactions were con-
ducted using 200 ng of poly(A)™ RNA and using oligo(dT) for reverse
transcription. Semiquantitative PCR reactions were conducted using 0.1
volume of the above RT reaction and at 95°C for 30 s, 60°C for 30 s, and
72°C for | min for either 15, 20, or 25 cycles. The PCRs were conducted
using a primer located within the normal gpl00 open reading frame up-
stream of the region containing the fourth intron (5'-AACTGACGATGC

Exon 4 , Intron 4

W GG E G L P § Q P I I H T C V Y F F L P
gp100-ind TGGGGTGAGGGACTCCCTTCTCAGCCTATCATCCACACTTGTGTTTACTTCTTTCTACCT

D H L S F GR P F HLNTFCDTVF L *
gpl00-ind GATCACCTTTCTTTTGGCCGCCCCTTCCACCTTAACTTCTGTGATTTTCTCTAATCTTCA
gp100-ind TTTTCCTCTTAGATCTTTTCTCTTTCTTAGCACCTAGCCCCCTTCAACTCTATCATAATT
gpl00-ind CTTTCTGGCAACTCTTCCTCAATTGTAGTCCTACCCCATGGAATGCCTCATTAGGACCCC
gpl00-ind TTCCCTGTCCCCCCATATCACAGCCTTCCARACACCCTCAGAAGTAATCATACTTCCTGA

gp100-ind CCTCCCATCTCCAGTGCCGTTTCGAAGCCTGTCCCTCAGTCCCCTTTGACCAGTAATCTC

Intron 4[ Exon S
gpl00-ind TTCTTCCTTGCTTTTCATTCCAAAAACTTCAGGCC
FIGURE 1. Partial sequence of the gp700-in4 cDNA including the
entire sequence of intron 4 and translation of the intronic sequence.
The T cell peptide epitope is underlined.

CTGCATCT-3") and a second primer complementary to a sequence within
the fourth intron of gp/00 5'-TCAAAGGGGACTGAGGGACA-3).

Peptide synthesis

Peptides were synthesized using an AMS 222 mulitiple peptide synthesizer
(Gilson Co., Inc., Worthington, OH) and standard F-moc chemistry. Pep-
tide purification was conducted using an R2 reversed-phase HPLC column
(Perseptive Biosystems, Framingham, MA) with an acetonitrile gradient in
water containing 0.05% trifluoroacetic acid. Peptides were estimated to be
>090% pure, and the mass of identified peptides verified by mass
spectrometry.

Results
Isolation of cDNA clones

Previous studies conducted with TIL 1290 demonstrated that this
cell line recognized a mutated product of the B-catenin gene in the
context of HLA-A24 (12), as well as p/5, a gene that appeared to
be expressed in a number of normal tissues (18). In an attempt to
identify additional Ags recognized by TIL 1290, a number of
T cell cloids were generated from this cell line by limiting dilution.
Several of the T cell cloids that were isolated from this patient
recognized B-catenin, including T cell cloid 5A, but this T cell
cloid also recognized several melanoma cell lines that naturally
expressed HLA-A24 but did not contain the B-catenin mutation
(Table 1). The SA T cell cloid recognized two melanomas derived
from the autologous patient, 888 mel and 1290 mel, as well as an
HLA-A24-positive allogeneic melanoma, 501 mel, but failed to
recognize the 1300 melanoma, which also expressed HLA-A24.
The T cell cloid 5A did, however, recognize a transfectant of the
397 mel cell line, which expressed HLA-A24 but not the parental
397 cell line, providing strong evidence that this T cell line rec-
ognized a widely shared Ag in the context of HLA-A24. This cloid
did not recognize transfectants of the 293-A24 cell line expressing
MART-], gpl00, or tyrosinase, but recognized transfectants ex-
pressing the mutated B-catenin gene product. Previous observa-
tions indicated that the mutated B-catenin gene was expressed in
melanomas derived from patient 888 and was not present any of
the 12 allogeneic melanomas tested including the 397 melanoma,
indicating that this was a relatively rare mutation (12). Thus, it
appeared that the T cell cloid SA contained at least two populations
of T cells, one of which recognized the unique B-catenin gene
product and a second population that recognized a shared product
in the context of HLLA-A24. The T cell cloid 5A was then used to
screen an autologous cDNA library by transfecting pools that con-
tained ~200 cDNAs into a stable transfectant of the 293 cell line
expressing high levels of HLA-A24 (293-A24). Three positive
pools were isolated following the screening of a total of 576 pools
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FIGURE 2. Autologous 888 EBV B cells
were incubated with the indicated concen-
trations of either peptide for 2 h, followed
by incubation of 5 X 10* B cells with 5 X
10 cloid 5A T cells for 18 h. The release of
cytokine from stimulated T cells was then
measured in a GM-CSF ELISA assay.
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containing ~100,000 cDNA clones, but PCR analysis indicated
that two of the three pools contained B-catenin (data not shown).
Individual colonies were then isolated from the single positive
pool that failed to express B-catenin. A single cDNA clone that
was isolated from this pool, designated D/2-3, was found to stim-
ulate strong cytokine release following transfection into 293-A24
cells (Table I).

Sequence analysis of positive cDNA clone

A comparison of the sequence of the D72-3 clone with the Gen-
Bank database revealed that the 5’ end of this clone was identical
to a previously isolated gp/00 cDNA clone and contained 11 bp of
the 5’ untranslated region. Additional sequencing conducted with
gp100-specific primers revealed that, in addition to containing the
entire gp/00 coding region plus 67 bp of 3’ untranslated sequence,
the D/2-3 clone contained an insertion of 388 bp following nu-
cleotide 469 of the normal gpl00 coding region. Alignment of the
D12-3 sequence with that of a genomic gp/00 sequence demon-
strated that the additional sequence corresponded to the fourth in-
tron of gpl00, leading to the designation of the D/2-3 cDNA clone
as gpl00-ind (Fig. 1). The entire fourth intron of gpl00 was
present in the gpl/00-ind clone, and this sequence as well as the
residues from the adjoining exons were identical to a previously
isolated genomic gp/00 sequence (R. A. Spritz, unpublished ob-
servation). The only other difference noted between gp{00-in4 and
a previously published gp/00 cDNA sequence (19) was the pres-
ence of an insertion of the dinucleotide GA following nucleotide
1174 of the gpl00 coding region.

Identification of the T cell epitope in gp100-in4

The failure of T cell cloid 5A to recognize cells transfected with
the normal gp/00 cDNA (Table I) suggested that the epitope may
be encoded by the intronic sequence present in the gp/00-in4
cDNA clone. The intronic sequence present in the gp/00-in4 clone
contained an in-frame stop codon that would prematurely termi-
nate translation of gp/00, but read-through from the normal gp100
coding region into the intronic sequence would result in the addi-
tion of 35 amino acids that are not present in the normal gpl00
glycoprotein (Fig. 1). Seven peptides encoded within the intronic
region that conformed to the HLA-A24 binding motif (20) were

10 +
1 4
0.01 +

1

T
—
(=1

Peptide conc. (ng/ml)

Table Il.  Recognition of gp100-in4 by T cell cloids

GM-CSF Release of
T Cell Cloid (pg/ml)

Stimulator Cell Line? Peptide 15 16 18
3888 EBV B None <8 <8 <8
888 EBV B gp 100-ind ¢ 474 380 910 270
838 EBV B B-tatyg s7mut <8 <8 <8
293-A24/gp100-in4 None 160 680 41
293-A24/pCDNA None <8 <8 <8
888 me! None 83 160 13
397 mel None <8 <8 <8
397-A24 mel None 295 680 56
None None <8 <8 <8

2 Responding T cells were cultured at 5 X 10%well with the 293-A24 cell
lines that had veen stably transfected with either gp100-in4 or pCONA3, 888
EBV B cells pulsed with the indicated peptides at 1 ug/mi for 2 h prior to the
addition of T cells or the indicated melanomas, all added at 10%/well. The release
of GM-CSF was measured following 18 h of incubation.

then synthesized and tested for recognition by T cell cloid 5A
following incubation with autologous 888 EBV B cells: VWKT
WGEGL, VYFFLPDHL, YFFLPDHLSF, FFLPDHLSF, SF
GRPFHLNF, PFHLNFCDF, and PFHLNFCDFL. The peptide
VYFFLPDHL, designated gp100-in4,,,_,,s, wWas the only peptide
of the seven tested that stimulated significant cytokine release from
T cell cloid 5A when pulsed on HLA-A24-expressing target cells
(Fig. 2). The gpl100-in4,,,_,+s peptide stimulated significant cy-
tokine release from cloid 5A when used to pulse targets at con-
centrations as low as 10 pg/ml. The T cell cloid 5A also recognized
B-catenin, and these T cells recognized target cells pulsed with as
little as 10 pg/ml of the peptide epitope that had previously been
identified in this Ag, B-catyy_37mur

Characterization of gp100-in4 expression and recognition
by TiL

Further analysis of the gp/00-ind gene product was conducted us-
ing three T cell cloids that were isolated from TIL 1290, The three
T cell cloids 15, 16, and 18 recognized the gp100-in4,,, .5 pep-
tide but not the B-cat,q _37,,,, Peptide (Table 1I). In addition, the
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Table lll.  Recognition of gp100-ind4 by HLA-A24-restricted T cell lines and cloids

GM-CSF Release in Responding T Cells (pg/ml)

HLA-A24 Transfected T cell TIL TIL TIL

Stimulator Cell Line? Expression Peptide Gene cloid 15 1290 888 1541

293-A24 + None B-catenin <8 91 <8 83
293-A24 + None gp100-in4 772 188 <8 <8
293-A24 + None gp100 <8 8 <8 <8
293-A24 + None Tyrosinase <8 <8 30 <8
293-A24 + None pCDNA3 <8 <8 <8 <8
888 mel + None None 255 450 147 130
1290 mel + None None 108 104 32 52
928 mel + None None 32 23 30 <8
1102 mel + None None 42 21 49 <8
1300 mel + None None 20 18 101 <8
397-A24 mel + None None 1229 504 71 <8
397 mel - None None <8 14 <8 <8
2488 melanocyte + None None 361 125 186 <8
1070 melanocyte + None None 433 145 150 <8
1085 melanocyte -~ None None <8 <8 <8 <8
888 EBV B + None None <8 10 <8 37
888 EBV B + gp100-ind,50.175 None 497 399 <8 44
888 EBV B + B-catyo37mut None <8 115 <8 124
None — None None <8 <8 <8 <8

2 Either 5 X 103 cells (cloid 15) or 5 X 107 cells (TIL) were incubated with 10° of the indicated stimulator cells, and GM-CSF release was measured after 18 h.

Table IV. Recognition of gp100 isolates by HLA-A24- and
HLA-A2-restricted T cells

sults, TIL. 1290 recognized targets pulsed with the gp100-ind,,,_, s
and the B-catyg_37,,,: Peptides. Two melanocytes that expressed
HLA-A24, 2488 and 1070, were recognized by T cell cloid 15

Stimuator Transfected GM-CSF cells as well as by TIL 1290, indicating that normal melanocytes
T Cells Cell Line Gene (pg/ml) . . ..
express gpl00-in4 at sufficient levels to allow recognition by T
1290 cloid 15 293-A24 gp100-in4 >1000 cells. TIL 888, which had previously been shown to recognize
igg'ﬁgi g?[?ﬁlA} <8 tyrosinase, was also stimulated by HLA-A24-expressing melano-
888-me| ﬁone 1<2§ cytes. In agreement with previous findings (12), TIL 1541 Tecog-
624 mel None <8 nized targets puised with the B-cat,g_s7n,. Peptide, but did not
TIL 620 293.A2 gp100-in4 10 re.cognize target's pul'sed with the gp100+~in4,70,,78 peptide, and
293-A2 gp100 208 failed to recognize either the HLA-A24™ melanocytes 2488 and
293-A2 pCONA3 9 1070 or allogeneic HLA-A24" melanomas.

888 mel None 35 The ability of TIL that respond to the normal gp/00 gene prod-

624 mel None 354 . . .
) uct to recognize the gpl00-ind gene product was then examined.
TIL 1200 533‘25 &p ;gg"”“ 2<1§ Two previously characterized HLA-A2-restricted TIL responded
393-A2 fféDN A3 8 to the .normal gpl00 gene pr('>duct but fa.iled. to recognize the
888 mel None 41 gpl00-in4 gene product following transfection into the HLA-A2-
624 mel None =>1600 expressing target cell line 293-A2 (Table 1V). Previous resuits in-

2 The cytokine release following coincubation of TIL with 293-A24 or 293-A2
transfectants or melanomas for 18 h was measured in a GM-CSF ELISA assay.

cytokine release of the three T cell cloids in response to the stable
gp]00-ind transfectants was comparable to that stimulated by
HLA-A24" melanomas. These results indicate that high levels of
expression, as seen in the transient transfection system, were not
required for stimulation of T cell responses.

Three independently derived TIL lines derived from patient 888
were then analyzed for their ability to recognize the gpl00-in4
gene product. One TIL, designated TIL 888, was derived from a
melanoma metastasis resected in 1989, and a second, TIL 1290,
was isolated from a recurrent pelvic tumor mass in 1992. In 1995,
a small s.c. tumor was resected, and a third T cell line, TIL 1541,
was derived from this lesion. TIL 1290 was found to recognize
293-A24 transfectants expressing gpl00-ind as well as B-catenin,
and T cell cloid 15, derived from TIL 1290, also recognized
gp100-in4 transfectants (Table II). TIL 1541 recognized B-cate-
nin, and TIL 888 recognized tyrosinase, but neither TIL responded
to transfectants expressing gp/00-ind. In agreement with these re-

dicated that TIL 620 predominantly recognized the epitope G9,0,
which is encoded by the region downstream of the intronic se-
quence in this clone, and G9,,, which is encoded by sequences
both upstream and downstream of the intron in the gpl/00-in4
clone (21). Previous results also demonstrated that TIL 1200 pre-
dominantly recognized the G9,,, peptide epitope derived from
gpl00 (21). Thus, these polyclonal HLA-~A2-restricted TIL did not
appear to recognize additional T cell epitopes encoded by the in-
tronic sequence in the gpl00-in4 clone. In addition, these results
indicate that little if any splicing of the gp/00-in4 transcript takes
place following transient transfection, since splicing of this intron
from the gpl00-in4 ¢cDNA should regenerate the normal gpl00
reading frame encoding the G9,5, and G9,, epitopes.

The level of expression of the aberrantly spliced message con-
taining the fourth intron was then examined by carrying out RT-
PCR with poly(A)* mRNA from melanoma and melanocytes cell
lines. The RT reactions were primed with oligo(dT) primers, and
PCR was then conducted with a 5’ primer corresponding to a se-
quence upstream of the fourth intron and a 3’ primer complemen-
tary to a region within the fourth intron, giving rise to a 442-bp
product. The relative levels of expression in these cells of products
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FIGURE 3. The RT-PCR reaction was conducted as described in Ma-
terials and Methods, run out on a 1% agarose gel with a 100-bp ladder.
Lane 1, 1300 melanoma (mel); lane 2, 397 mel; lane 3, 928 mel; lane
4, 1102 mel; lane 5, 888 mel; lane 6, 2488 melanocyte; lane 7, 2488
melanocyte RT negative control (no RT added to reaction); lane 8, 888
mel RT negative control; lane 9, TIL; lane 10, PBL; lane 11, no RNA
added to RT reaction.

containing the fourth gp/00 intron were estimated by carrying out
PCR amplification for 15, 20, and 25 cycles. While amplification
for 15 cycles revealed little or no signal from any of the samples,
after 20 cycles it appeared that the intronic product was expressed
at relatively comparable levels in a melanocyte cell line and in five
different melanoma cell lines but not in TIL or PBL (Fig. 3).

Discussion

The recent isolation of a number of the Ags recognized by mela-
noma-reactive T cells has revealed that a variety of mechanisms
may be involved in generating T cell epitopes. While a number of
the genes that encode tumor Ags appear to represent normal tran-
scripts of nonmutated genes, mutated genes (11-14) as well as the
intronic regions of certain genes (13, 15) have been shown to en-
code tumor Ags. In addition, the product of an alternative open
reading frame of the TRP-I gene has been shown to encode a
T cell epitope recognized by HLA-A31-restricted, melanoma-re-
active T cells (22).

The ¢cDNA clone characterized in this report appears to have
resulted from the failure to utilize a 5" splice donor site in the
fourth intron of gp/00, resulting in the retention of this intron in
the final cDNA transcript. This product encoded a T cell epitope
that was recognized in the context of the HLA-A24 class I restric-
tion element. The gp/00-in4 product, although expressed at lower
levels than the normal gp/00 gene product, appeared to be ex-
pressed at similar levels in melanomas and normal cultured mela-
nocytes, and no mutations were found in the intronic region of this
clone.

Previously, use of an alternative splice acceptor in the ninth
intron of gp/00 was found to generate a product containing seven
additional amino acids not present in other gp/00 cDNA clones
that have been described (23). This intron is only 102 bp long but
does not contain the long polypyrimidine tract generally found at
the 3" end of most introns, which may contribute to the usage of an
alternative splice acceptor site. The 3’ end of the fourth intron of
the gp100 gene also does not contain a long polypyrimidine tract,
which might lead to the use of an alternative splice acceptor either
within this intron or downstream of the intron but should not give
rise to a product that has retained an entire intron. Although the 5’
splice donor appears to conform to the general consensus se-
quence, it appears that this site may not uniformly be recognized
as a splice donor site. Other examples of ¢cDNAs that contain in-
tronic sequences have been described in addition to the examples
cited above (24, 25). A number of tyrosinase cDNA variants have
been isolated, including products that that appear to result from the
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use of alternative 5" and 3’ splice sites, as well as a product that has
retained a portion of one of the introns of tyrosinase (26).

It is not clear what is responsible for the lack of splicing of the
intron present in the gp/00-in4 gene product after transfection into
target cells. Experiments examining the splicing of two introns of
the B-globin gene, however, indicate that removal of one of the
introns can significantly impede the rate of splicing of the second
intron (27). Thus, the lack of adjacent introns in the gp/00-ind
product may be responsible for the failure of this transcript to be
spliced.

The gpl00-in4 gene product appears to be expressed in mela-
nomas at relatively low levels, since preliminary experiments have
indicated that it is difficult to detect these transcripts on Northern
blots (data not shown). Although this would be expected to result
in the expression of only low levels of the gpl00-in4 peptide
epitope, T cells have been shown to recognize very small numbers
of cell surface peptide-MHC complexes (28). In addition, the
gpl00-ind peptide epitope may bind to HLA-A24 class I mole-
cules with high affinity and may be very efficiently processed and
presented on the melanoma and melanocyte cell surface.

These findings raise the possibility that additional introns from
gpl100, as well as the introns present in other genes, may encode
T cell epitopes. The majority of introns encode only short open
reading frames, however, and thus may not encode any peptides
capable of binding to a particular class I MHC allele. In addition,
differences in splicing efficiency may result in the generation of
only certain gene transcripts at detectable levels. The low levels of
expression of transcripts containing introns may also result in a
failure to induce T cell tolerance to these products, however, which
might facilitate the generation of tumor-reactive T cells using
immune manipulations such as vaccination and cytokine
administration.
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