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Summary

A cytolytic T lymphocyte (CTL) clone that lyses many HLA-A2 melanomas was derived from
a population of tumor-infiltrating lymphocytes of an HLA-A2 melanoma patient. The gene
coding for the antigen recognized by this CTL was identified by transfection of a cDNA li-
brary. It is the gene which has been reported to code for N-acetylglucosaminyltransferase V
(GnT-V). Remarkably, the antigenic peptide recognized by the CTL is encoded by a sequence
located in an intron. In contrast to the fully spliced Gn'T-V mRNA, which was found in a
wide range of normal and tumoral tissues, the mRNA containing the intron region coding for
the antigen was not found at a significant level in normal tissues. This mRINA was observed to
be present in about 50% of melanomas. Our results suggest that a promoter located near the
end of the relevant intron is activated in melanoma cells, resulting in the production of an

mRNA coding for the antigen.

ytolytic T lymphocytes (CTL) directed against human

tumor cells have been obtained by culture of irradi-
ated tumor cells with autologous blood lymphocytes, or
with tumor infiltrating lymphocytes (reviewed in reference
1). From these responder T cell populations, it has been
possible to derive stable anti-tumor CTL clones that do not
lyse autologous fibroblasts, EBV-transformed autologous B
cells, or target cells that are lysed by NK-like effectors (2-6).

Two main categories of antigens recognized on human
melanomas by autologous CTL have been described so far.
Some antigens are encoded by genes that are expressed in a
wide range of tumors of different histological types but not
in normal tissues except in testis and placenta. Examples are
the MAGE gene family (7, 8), the BAGE gene (9), and the
GAGE gene family (10). Others are differentiation antigens
encoded by genes that are expressed only in melanocytes
and in melanomas, such as those encoded by tyrosinase
(11-14) and those encoded by Melan-AMART-1 (15 16)
gp100Pmel7 (17, 18), and gp75TRP! (19).

We report here the identification of another gene coding
for a melanoma antigen, which is recognized by a CTL
clone on a majority of HLA-A2 melanomas. The antigenic
peptide which binds to HLA-A2.1 is encoded by an intron
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sequence of the gene that codes for N-acetylglucosaminyl-
transferase V.

Material and Methods

Cell Lines. Tumor cell lines NA8-MEL, NA17-MEL, and
NA74-MEL were derived from the metastatic melanomas of pa-
tients NA8, NA17, and NA74. Cell line MZ2-MEL is a subclone
of the original MZ2-MEL melanoma line, and was described pre-
viously as MZ2-MEL.43 (5, 20). This subclone expresses tyrosi-
nase. Subline MZ2-MEL.2.2.5, used for construction of the ge-
nomic library, was derived as described (10). Melanoma cell lines
SK29-MEL and SK23-MEL, and RNA extracted from cultivated
melanocytes were gifts from Dr. L. Old (Memorial Sloan-Ketter-
ing Cancer Center, New York). Tumor cell lines LB373-MEL
and LB168-MEL were derived from melanoma patients LB373
and LB168 respectively. Tumor cell lines MI10221 and 526-mel
were kindly provided by Dr. G. Parmiani (Istituto Nazionale Tu-
mori, Milan, Italy) and Dr. S.A. Rosenberg (National Cancer In-
stitute, Bethesda, MD), respectively. CTL clone NA17-CTL-213,
referred to as CTL 213, was derived from TIL of patient NA17
(6). Lymphoblastoid cells NA17-EBV were derived from patient
NA17 by standard techniques.

Assay for Cytolytic Activity. The chromium release assay was
performed as described elsewhere (5). Briefly, 1,000 5!'Cr-labeled

J. Exp. Med. © The Rockefeller University Press « 0022-1007/96/03/1173/11 $2.00

Volume 183 March 1996 1173-1183



target cells were incubated with CTL 213 at different effector-
to-target ratios. Chromium release in the supernatant was mea-
sured after 4 h of incubation.

Construction of the c(DNA Library. Poly-A™(RNA) was obtained
from MZ2-MEL cells using the Fastrack mRNA extraction kit
(Invitrogen Corporation, Oxon, UK). mRINA was converted to
¢DNA using an oligo-dT(Notl, EcoRI) primer. The cDNA was
ligated to BstXI adaptors, digested with Notl and inserted into
the BstXI and Notl sites of expression vector pcDNAIL/Amp (In-
vitrogen Corporation, Oxon, UK). Recombinant plasmids were
electroporated into DH5a Escherichia coli bacteria and selected
with ampicillin (50 pg/ml). Bacteria were amplified to saturation
and plasmid DNA was extracted by the alkaline lysis method (21).

Transfection of COS-7 Cells. Transfection experiments were
performed by the DEAE-dextran-chloroquine method (11, 15,
22). Briefly L5 X 10* COS-7 cells were treated with 100 ng of
plasmid pcDNAI/Amp-A2, a recombinant plasmid containing
the HLA-A2.1 gene isolated from a CTL clone of patient SK29
(23), and 100 ng of DNA of a pool of the cDNA library. Trans-
fected COS-7 cells were tested in a CTL stimulation assay after
48 h.

CTL Stimulation Assay. Transfectants were tested for their
ability to stimulate the production of Tumor Necrosis Factor
(TNF) by CTL (24). Briefly, in microwells containing target
cells, 2,500 CTL were added in 100 pl of RPMI 1640 medium
{Gibco BRL, Gaithersburg, MD) containing 10% human serum
and 25 U/ml r-hu-IL2. After 48 h, the supernatant was collected
and its TNF content was determined by testing its cytotoxic ef-
fect on WEHI-164 clone 13 cells (25) in a MTT colorimetric as-
say (24, 26).

DNA Sequencing and Homology Search. DNA sequencing analy-
sis was performed by specific priming with synthetic oligonucle-
otides. The sequencing reactions were performed by the dideoxy-
chain termination method (T7 Sequencing Kit; Pharmacia, Uppsala,
Sweden, ATag™ Cycle-Sequencing Kit; USB, Cleveland, OH).
The computer search for sequence homology was done with the
blast program.

Production of Fragments of cDNA 560

Progressive Deletions in cDNA 560. The plasmid was opened
with Notl and Sphl before digestion with exonuclease III. This
treatment was performed with the Erase-a-base System (Promega,
Madison, WI). After ligation, the plasmids were electroporated in
TOP 10F" E. coli bacteria and selected with ampicillin (50 pg/
ml). Clones were isolated, plasmid DNA was extracted from each
clone and transfected into COS-7 cells together with the HLA-
A2.1 gene.

PCR Fragments of  DNA 560. Fragments were generated from
c¢DNA clone 560 by PCR amplification. They were blunted,
phosphorylated and subcloned in vector pcDNAI/Amp digested
by EcoRV. To generate PCR fragment 47-185, we used VB45
(5'-GATGTGTTCATACGCTGTGTGGT-3') as sense primer,
and VB56 (5'-TCAGCTTTTGGGTGGGTTGAACTTGG-3")
as anti-sense primer. To generate PCR fragment 35-82, we used
as sense primer VB72 (5'-GCCGCCATGGTCCTGCCTGAT-
GTG-3")y which generates an ATG (underlined) that has the ap-
propriate Kozak consensus sequence, and YG15 (5'-CTAGTG-
TAAGACAGAAAACCACACAGCGTATGAA-3') as anti-sense
primer.

Screening of the Genomic Library. A genomic library of 1.1 X
10¢ independent A phages was constructed with DNA from
MZ2-MEL2.2.5 by standard techniques (21). A labeled cDNA
560 fragment (nt 47 to 185) was used as a probe (probe B) for
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colony hybridization. A positive phage was isolated and digested
with Sacl. The fragments were size-fractionated in a 0.7% agarose
gel and blotted on a nitrocellulose filter. The filter was hybridized
with probe A, a 3*P-labeled oligonucleotide (5'-GGTTTCTC-
GAAGAAGGAACTGC-3") specific of exon “A” of GnT-V
c¢DNA (positions 1651 to 1672). 5.5~ and 8.5-kb fragments, hy-
bridizing with probe A and probe B, respectively, were then sub-
cloned in plasmid pTZ19R (Pharmacia Fine Chemicals, Pisca-
taway, NJ) and partially sequenced.

mRNA Analysis.  Anchored PCR amplifications of 5’ and 3’
ends of the cDNA coding for NA17-A antigen were performed.
cDNA was synthesized using total RNA from HLA-A2 mela-
noma cell line LB24-MEL as template.

5’ End Amplification. 5’ end amplification was performed us-
ing the 5'-Amplifinder™ RACE Kit (Clontech, Palo Alto, CA).
Positions of primers are indicated in figure 7. Primers used for
c¢DNA synthesis were YG104 (5'-CAGCGTATGAACACA-
TCAGGC-3") or VB56 (5'-CTTTTGGGTGGGTTGAACT-
TGG-3"). cDNA was ligated to Amplifinder™ anchor as de-
scribed in the kit. A first round of PCR. amplification was done
with anti-sense primers YG104 or YG20 (5'-AGGACCAT-
CAGGCAGGAC-3') and sense Amplifinder anchor primer. A
second round of amplification was realized with anti-sense prim-
ers YG20 or YG31 (5'-CACTATGCTCTCCTCCACCAAG-
3") and the sense Amplifinder anchor primer. Amplified products
were cloned in vector pCR-Script™ SK(+) (pCR-Script™
SK(+) Cloning Kit; Stratagene, La Jolla, CA) and sequenced.

37 End Amplification. The primer used for cDNA synthesis
was EDP1260 (5'-GACTCGAGTCGACATCGATTTTTT-
TTTTTTTTTTT-3', described by Frohman [27]). A first PCR
amplification was done with sense primer VB72 {(5'-ATGGTC-
CTGCCTGATGTG-3) and anti-sense primer EDP1260. A
second PCR. amplification was done with sense primer VB45
(5'-GATGTGTTCATACGCTGTGTGGT-3') and anti-sense
primer EDP1260. The amplified product was cloned as above.

In Vitro Transcription Assay.  The 1389-bp HindlIII-Sacl re-
striction fragment of the 8.5-kb genomic subclone was inserted in
transcription vector pPGEM3Zf (—) (Promega, Madison, WI). 1 pg
Sacl-digested plasmid was diluted to a final volume of 50 pl with
10 ul 5X SP6 buffer (GIBCO BRL), 5 pl each NTP at 10 mM,
2.5 ul dithiotreitol at 0.1 M, 2 pl (20U) RNase Inhibitor
(GIBCO BRL) and 3 pl (45U) SP6 RNA polymerase (GIBCO
BRL). This mixture was incubated at 37°C for 2 h. 1 pl (1U)
RQ1 DNase (Promega) was added and the mixture was incu-
bated again for 45 min at 37°C. RNA was ethanol precipitated,
resuspended at a final concentration of 2 pg/pl and serially di-
luted in 2 pg/pl yeast tRNA (Boehringer Mannheim Corp., In-
dianapolis, IN). 1 pl of 1072 and 107+ RNA dilutions was reverse
transcribed as described in the RT-PCR assays section, except
that YG104 or VB56 primers (4 pl at 10 wM) were used instead
of an oligo-(dT-15) primer. To exclude contamination with plas-
mid DNA, control reactions were included where no MoMLV
reverse transcriptase was added. ¥, of the completed reactions
were engaged in 30 PCR cycles with YG118 (5'-AGGGGA-
AAATCAACACCAAGATG-3') as sense primer and YG20 as
anti-sense primer. PCR products were fractionated by agarose gel
electrophoresis. Control reactions yielded no detectable product.

Antigenic Peptides and CTL Assay. Peptides were synthesized
on solid phase using F-moc for transient NH,-terminal protec-
tion as described (28) and characterized by mass spectrometry. All
peptides were >90% pure as indicated by analytical HPLC. Lyo-
philized peptides were dissolved in DMSO and stored at —80°C.
They were tested by chromium release assay as previously de-
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scribed (29). In this peptide sensitization assay, target cells were
51Cr-labeled for one hour at 37°C and washed extensively. 1,000
target cells were then incubated in 96-well microplates in the
presence of various concentrations of peptides for 30 min at 37°C
and CTL 213 (10,000 cells) were added. Chromium release was
measured after 4 h at 37°C.

RT-PCR Assays. Total RNA was extracted by the guani-
dine-isothiocyanate procedure as described (30). Reverse tran-
scription was performed on 2 pg of total RNA in a reaction vol-
ume of 20 pl with 4 pl of 5X reverse transcriptase buffer
(GIBCO BRL), 2 pl of a 20 mM solution of oligo(dT-15)
primer, 4 pl of dNTPs at 2.5mM each, 20 U of RNasin (Promega),
2 ul of 0.1 M dithiotreitol and 200 U of MoMLYV reverse tran-
scriptase (GIBCO BRL). The reaction was incubated at 42°C for
60 min.

For PCR, ¥, of the cDNA reaction was supplemented with
2.5 pl of 10X thermostable DNA polymerase buffer (Finnzymes
OY, Expoo, Finland), 0.5 pl each of 10 mM solution of dNTP,
0.625 pl each of 20 pM solution of primers, 0.5 U of Dy-
naZyme™ (Finnzymes OY) and water to a final volume of 25 pl.
For amplification of NA17-A ¢cDNA (PCR “I-C”), VB45 was
used as sense primer (primer i) and (5'~-CTCTACTTCCTCC-
TGATTGTTGAG-3') as anti-sense primer (primer ¢). For am-
plification of GnT-V ¢cDNA (PCR “A-B”), primer a (5'-GAT-
CTACTTGGACATTATTCACAC-3') was used as sense primer
and primer b (5'-CATCCATTTGCGATAGCTTCCAG-3’) as
anti-sense primer. For amplification of cDNA 560, VB45 was
used as sense primer, and SL6 (5'-CAATGTCGGTCTTTTCT-
GTC-3'} as anti-sense primer. The ability of oligonucleotide SL6
to prime DNA synthesis in presence of template cDNA was
tested with sense primer SL5 (5'-GAAGAAGAGCAGGTCA-
GCAGTC-3'), located in positions 345 to 366 of cDNA 560.
This control reaction yielded specific amplification products with
several tumoral RNAs.

PCR were performed for 30 cycles (1 min at 94°C, 2 min at
62°C and 2 min at 72°C). 10 pl of the PCR product were frac-
tionated on a 1.5% agarose gel. The quality of RNA preparations
was checked by PCR amplification of B-actin cDNA with prim-
ers (5'-GGCATCGTGATGGACTCCG-3') and (5'-GTCG-
GAAGGTGGACAGCGA-3'") for 21 cycles of 1 min at 94°C,
2 min at 65° and 2 min at 72°C. PCR assays for tyrosinase ex-
pression were performed as described (11), except that the num-
ber of cycles varied between 30 and 38 cycles.

For quantitative expression measurements, cDNA was synthe-
sized as above. RINA obtained from MZ2-MEL cells was used
undiluted or serially diluted in E. coli tRINA for each series of quan-
titative PCR. 0.2 wCi of labeled dCTP (3,000 Ci/mmol) were
added to the PCR mix. The number of cycles was reduced to 24
for PCR I-C, to 25 for PCR A-B and to 18 for B-actin PCR so
that a linear dilution curve of the standard was obtained. Accurate
quantitation was obtained using the phosphor-imager technology
(Phosphor-Imager; Molecular Dynamics, Sunnyvale, CA).

Results

An Anti-melanoma CTL clone Restricted by HLA-A2.1.
Melanoma cell line NA17-MEL was established from a cu-
taneous metastasis of patient NA17. Anti-tumor CTL were
obtained from tumor-infiltrating lymphocytes by culturing
fragments of a metastasis in presence of IL-2 (6). This CTL
population was restimulated with irradiated NA17-MEL
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cells under limiting dilution conditions, and stable anti-
tumor CTL clones were obtained (6).

CTL clone NA17-CTL-213, further referred to as CTL
213, lysed the autologous melanoma cell line but lysed nei-
ther K562 nor autologous EBV-transformed B cells (Fig.
1). The target antigen of this CTL was named NA17-A.
CTL clone 213 lysed 12 other melanoma cell lines carrying
the HLA-A2 haplotype among the 15 that were tested,
suggesting that antigen NA17-A is presented by HLA-A2
(31). It also produced TNF in the presence of NA17-MEL
and other HLA-A2 melanoma cell lines (Fig. 2).

The lysis inhibition observed with two distinct anti—
HLA-A2 monoclonal antibodies confirmed that HLA-A2
was the presenting molecule for the antigen recognized by
CTL 213 (31). This was confirmed further by transfection
of the HLA-A2.1 gene into melanoma line MZ2-MEL,
which does not carry the HLA-A2 gene. The acquisition of
the HLA-A2.1 sequence rendered this cell line capable of
stimulating TNF release by CTL 213 (Fig. 2).

A ¢DNA Coding for Antigen NA17-A. A cDNA library
was constructed in expression vector pcDNAI/Amp with
poly A" (RNA) extracted from MZ2-MEL cells. The li-
brary was divided into 640 pools containing each ~90 bac-
teria carrying an insert. Plasmid DNA of each pool was
cotransfected into COS-7 cells with plasmid pcDNAI/
Amp-A2, containing the HLA~A2.1 gene. Duplicate mi-
crocultures were transfected and screened two days later for
their ability to stimulate TNF release by CTL 213. The
DNA of one of the 640 pools produced in both duplicates
a level of TNF that was significantly above the average and
this was confirmed in a second transfection experiment.
Bacteria of the positive pool were cloned and their plasmid
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Figure 1. Cytolytic activity of CTL clone 213 on cells of the autolo-
gous melanoma line (NA17-MEL), on autologous EBV-transformed B
cells (NA17-EBV), and on K562 cells. Target cells were chromium la-
beled and incubated with the CTL at different effector-to-target (E/T)
ratios. Chromium release was measured after 4 h.
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Figure 2. Recognition by CTL 213 of autologous melanoma NA17-

MEL and of other HLA-A2 melanoma cell lines NA74-MEL, SK23-
MEL, and LB373-MEL. Melanoma cell line MZ2-MEL does not carry
HLA-A2. MZ2-MEL.HLA-A2.1 is a MZ2-MEL subclone transfected
with a HLA~A2.1 gene. 2,500 CTL were added to 10,000 melanoma
cells, and the TNF content of the supernatant was tested after 24 h on
WEHI-13 cells.

DNA was cotransfected with the HLA-A2.1 construct as
before. Two out of 1,150 clones stimulated TINF release by
CTL 213. The result obtained with one of these, namely
cDNA clone 560, is shown in Fig. 3.

The sequence of cDNA 560 proved to be 2,237 bp long.
By searching GenBank, we found that nucleotides (nt) 84
to 230 were identical to a region of a cDNA reported by
Saito and coworkers to code for N-acetylglucosaminyl-
transferase V (GnT-V)! (32). The sequence upstream of nt
84 and that downstream of 230 showed no significant ho-
mology with any sequence recorded in databanks.

The ¢DNA library derived from the MZ2-MEL cell line
was searched for sequences related to cDNA 560 by colony
hybridization. Using as a probe a Xbal restriction fragment
of cDNA 560 extending from position 1 to 973 (Fig. 4),
we identified several clones (not shown in Fig. 4) which
differed completely from ¢cDNA 560 up to position 230
but were completely identical after this position. The com-
position of cDNA 560 appeared therefore to be particularly
complex with a central fragment (84-230) identical to the
GnT-V cDNA (Fig. 4, region B) and two completely un-
related terminal fragments. This raised the possibility that
c¢DNA 560 was an artefactual ligation product of unrelated
¢DNAs. RT-PCR experiments carried out with MZ2~
MEL RNA and involving a sense primer in positions 47 to
69 (VB45) and an anti-sense primer in positions 608 to 628
(SL6) failed to yield an amplified product, consistent with
the notion that, in cDNA 560, at least two fragments were
artefactually combined.

1 Abbreviations used in this paper: GnT-V, N-acetylglucosaminyltransferase
V; RT, reverse transcription.
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Figure 3. Stmulation of CTL 213 by COS-7 cells cotransfected with

HLA-A2.1 and ¢cDNA 560 cloned in pcDNAI/Amp. CTL were added
1 d after the transfection and the TNF content of the supernatant was es-
timated 1 d later by testing its toxicity of WEHI-13 cells.

Identification of the Antigenic Peptide. To identify the se-
quence coding for the antigenic peptide recognized by
CTL 213, we produced progressive deletions of the 3’ end
of cDNA clone 560 with exonuclease III. By cotransfect-
ing the truncated clones into COS-7 cells together with
the HLA-A2.1 construct, we found that the region ranging
from nt 1 to 291 transferred the expression of antigen
NA17-A (Fig. 5). Using PCR amplified fragments cloned
in expression vector pcDNAI/Amp, we identified a 48-bp
fragment (nt 35 to 82) that transferred the expression of the
antigen (Fig. 5). Another amplified sequence extending
from nt 47 to 185 proved unable to transfer the expression
of NA17-A. We concluded that the starting point of the
sequence coding for the antigenic peptide was located be-
tween nt 35 and 47. We observed that nt 38-67 coded for a
decapeptide corresponding to the consensus sequence of
the peptides binding to HLA-A2.1 (33). This pepude,
VLPDVFIRCV, was synthesized and incubated with T2
cells, which are HLA-A2 cells with an antigen processing
defect resulting in an increased capacity to present exoge-~
nous peptides (34, 35). T2 cells incubated with the peptide
were lysed by CTL 213. Nonapeptide VLPDVFIRC sensi~
tized T2 cells equally well, with half-maximum lysis ob-
tained at peptide concentrations of 1 nM, whereas nona-
peptide LPDVFIRCV and octapeptide VLPDVFIR failed
to confer recognition by the CTL (Fig. 6).

Antigen NA17-A Is Encoded by an Intron. The coding se-
quence of the antigenic peptide was located on cDNA 560
in front of the region corresponding to the published
GnT-V ¢cDNA (Fig. 4). Accordingly, it seemed that either
this sequence belonged to an unrelated cDNA which had
been ligated in front of the GnT-V sequence, or it be-
longed to the GnT-V gene, as part of an alternative exon
or an unspliced intron. To explore the second possibility,
we set out to isolate the GnT-V gene.

A \ gene library prepared with DNA of the MZ2-MEL
cell line was screened with probe B, corresponding to nt
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Comparison of cDNA 560, of the GnT-V cDNA reported by Saito et al. (32) and of a genomic clone containing part of the GnT-V gene.

The limits of the 14-kb genomic fragment are indicated. The exons of the GnT-V gene fragment are represented as full boxes. Most of the intron located
between exons A and B (large stippled line) was not sequenced but its approximate length could be evaluated from the length of restriction fragments. The
right part (small stippled lines) of the representation of the GnT-V gene is purely hypothetical. Probes A and B used in hybridization experiments are indi-
cated by bold lines. The arrows noted a, b, i, and ¢ represent the locations of the primers used for RT-PCR as described in the text.

47-185 of cDNA 560 (Fig. 4). A positive clone with a
14-kb insert was identified. The digestion of this insert with
Sacl produced two fragments of 8.5 and 5.5 kb, respec-
tively. The first hybridized with probe B. The 5.5-kb frag-

Sequence cotransfected with HLA-A2.1
VLPDVFIRC (nt 38-64)

ment hybridized with an oligonucleotide (Fig. 4, probe A)
corresponding to a sequence of the reported GnT-V cDNA
(32) located a few nucleotides upstream of the region (B)
shared with cDNA clone 560. Thus it appeared that the

TNF released by CTL 213(pg/ml)
0 100 200

¢DNA 560

(Exonuclease product)

+1 +291
l:! (PCR product)
+47 +185
|:| (PCR product)
+35  +82
none
Figure 5.

Identification of the region coding for the antigenic peptide recognized by CTL 213. The limits of the exonuclease products and PCR frag-

ments that were cloned into pcDNAI/Amp and transfected into COS-7 cells together with the HLA-A2.1 gene are indicated. Transfected cells (30,000
were incubated for 24 h with 2,500 CTL and the TNF in the supernatant was measured by its toxicity on WEHI-13 cells.
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Figure 6. Lysis by CTL 213 of T2 cells, which express HLA-A2, after
incubation with synthetic peptides corresponding to sequences of cDNA
560. Target cells were chromium labeled and incubated for 30 min with
the peptides at the concentrations indicated. CTL 213 was then added at
an E/T ratio of 10. Chromium release was measured after 4 h.

8.5-kb genomic fragment contained the GnT-V exon (B)
shared with cDNA 560, whereas the 5.5-kb fragment con-
tained the preceding GnT-V exon (A).

Partial sequencing of the 8.5-kb fragment (Fig. 7) showed
that it contained a sequence identical to exon B and, im-
mediately in front of it, a sequence identical to the initial
84 bp of cDNA 560, which contain the sequence coding
for the antigenic peptide. This region ends with a consen-
sus splice acceptor sequence. Downstream of region B, the
sequence of the 8.5-kb genomic fragment corresponded
neither to that of cDNA 560, nor to that of the GnT-V
cDNA. The two first nucleotides of this sequence are GT,
as expected for the beginning of an intron.

In the 5.5-kb Sacl fragment of the genomic clone (Fig.
7) we found a sequence identical to the 150 bp sequence of
the GnT-V cDNA (positions 1526 to 1675) that immedi-
ately precedes region B. This exon (A) is preceded and fol-
lowed by consensus splice sites.

We conclude that the genomic clone contains two exons
(A and B) which are present in the GnT-V ¢cDNA. They
are separated by an intron of at least 8 kb (Fig. 4). The se-
quence coding for the antigenic peptide is located near the
very end of this intron. Its phase is different from that of
the large open reading frame which runs through all the
GnT-V ¢cDNA.

Characterization of the mRNA Coding for Antigen NA17-A.
The intron region coding for the antigenic peptide could
be available for translation as a result of the presence of in-
completely spliced Gnt-V messenger in the cytosol. Alter-
natively, a normally silent promoter region located in the
intron between exons A and B (Fig. 4) could be activated
in some melanoma cells to produce an additional messen-
ger species. In the first hypothesis, 5" anchored PCR would
be expected to yield long and diverse products correspond-
ing to incomplete cDNA molecules, since the intron is at
least 8 kb long. In the second hypothesis, and in so far as
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the relevant promoter would be located near the end of the
intron, complete 5’ anchored PCR products could be ob-
tained indicating the new transcription starting point.

Three independent anchored PCR. experiments were
performed on RNA of melanoma cell line LB24-MEL,
which is highly recognized by CTL 213 (Table 1). The
primers are shown in Fig. 7. In experiment I, reverse tran-
scription (RT) was primed with oligonucleotide YG104,
located in the intron. The cDNA was ligated to an anchor
oligonucleotide and submitted to two consecutive series of
30 amplification cycles with the anchor complementary
primer and as anti-sense primers the reverse transcription
primer in the first series of amplification and primer YG20
(Fig. 7) in the second. The three cloned PCR products that
were sequenced started at positions -247, -198 and -91 rel-
ative to exon B (Fig. 7, vertical arrows). In experiments II
(RT primer YG104, second anti-sense YG31) and I (RT
primer VB56, second anti-sense YG20), PCR products
with 5’ ends scattered between -288 and -96 were identi-
fied. These results suggest the existence of an imprecise
transcription origin located in the distal part of the intron.

To exclude the possibility of artefactual anchored PCR
results due to a secondary structure in the RINA molecule
blocking reverse transcription, we cloned in a transcription
vector a HindIII-Sacl restriction fragment containing exon
B and the last 1087 bases of the preceding intron (Fig. 7).
Sense RNA was synthesized in vitro and reverse tran-
scribed with primer YG104. PCR was performed on the
cDNA product with anti-sense primer YG20 and sense
primer YG118 which starts at position -588, i.e., 300 nt
upstream of the earliest putative transcription starting point
identified by anchored PCR. A specific 531-bp band was
obtained, indicating that the reverse transcriptase can run
across the putative transcription start region.

To identify the 3’ end of the messenger containing the
peptide coding region, we used an oligo-dT primer for re-
verse transcription of LB24-MEL RNA. The cDNA was
then submitted to two series of PCR amplification cycles
with oligo-dT primer and two overlapping sense primers
located in the peptide coding region. The sequence of the
PCR product was identical to the end of the intron, fol-
lowed by the complete 3" end (746 bp) of the published
GnT-V ¢cDNA. It seems therefore that the antigen coding
messenger starts with an unusual transcription site located
in an intron but shows no further transcription or splicing
difference with the normal messenger. In the antigen-cod-
ing messenger, the open reading frame starts 49 bp before
exon B and it is interrupted 222 nt later, in the initial part
of the putative exon “C” of the GnT-V gene.

Expression of the Normal GnT-V Enzyme. We designed
RT-PCR assays that distinguish the expression of the fully
spliced GnT-V transcript (32) from that of the transcript
coding for antigen NA17-A. An RT-PCR performed with
primers located in exons A and B (Fig. 4; primers a and b)
amplifies a 206-bp fragment only from the fully spliced
messenger. One sample of each of the large variety of nor-
mal adult tissues appearing in Table 3 was tested. All were
positive. So were all of 29 melanoma samples.

A Human Tumor Antigen Encoded by the N-acetylglucosaminyltransferase V Gene



Partial sequence of the 5.5 kb fragment

exon A

2GAAGTTCTAGTCCAGATACAGGTTGTTATGCAAATGAAAGAAAAAGAGAAAGTCTTGTGCTTGT TTTATTATTTAGAAT

AAGAAGATCTACTTGGACATTATTCACACATACATGGAAGTGCATGCAACTGITTATGGCTCCAGCACAAAGAATATTCC

CAGTTACGTGAAAAACCATGGTA’I‘CCTCAGTGGACGGGACCTGCAGTICCTTCTTCGAGMACCA_A—GlGTAAAAATT CACC
exon A

ACGGATGTGTTTCAGGTTATTGCCATTGGCTATGAAAATGGGATCAGAATATTTCATGCTTGTTTTTCAAGTGCTGCAAT

AAACTCTTGTGCTATTTT

Partial sequence of the 8.5 kb fragment

Hind III
ATTGCTGTGAAAAGACCGAGGGAAAAACAGAACCAAGCTTGCAGCTAAATCTAGTTGAGCCATCTCCTTCATTCTCAACA 1043

CCTGGCCTTGTGGT TGGGTGATGCTCTGTGATGGCAGAAGGTAAGGACGCCCTGGGGCCCAGTTATCTTTTCTCACTTAA 963
TGTGCCCCTGGGGGCTGAAACAGAACAGGCTTTTATGTGGGTAGAGAGGACACAGCTTCGTCAAGCCCAGACCTGGACCC 883
TGCCCATCAACAACCTGCAGTGCTCCAGCAGTGTGAAGTACACCCACTGTGATGGTACGTGCCGAGGCATTTCTGTGAGC -802
AGTTATTTCATTTT TGGACCCAGGAAATCAGCACCACTGAACTGCAGCT TGTCCCCTTTGTCATCGTGGCTTCCAGCTGC -723
TGTGGTTGCTCTGAGGACTGAGAGCAAGT TGTTGC TGCCATCTATGGTCTGTCTTGGGGGAAGCACATGGTTTGCCTGCT -643
GGAGAGGGAAGCAGCTGCCTTGCAGAT TCAGCAACACAGCACCCTCTCTCCCCTCTGAGGGGAAAATCAACACCAAGATG -563

YG118
TTGGTGTCCCCAGTGTAAACCCCATTATGAAAACCTGTGTTTACTGACCTACCATCATTTTAAAGCAGTTCCGTTTGAAC -483

TGCAATCAAACCTCCAAGTGACCTTTCTGTCCCTCCGCCCAGCATTCCTGAAAGGGCCTGTTGTTTCTTTGGTTCAATGA -403

AGAAACCTTCTGTGTAGTTAAGCAAGTGTTTTTCCAGTCATGTCTCCTGGTGAGTTACAGAAGGATTATTGTTGGGTCTT -323
III Ix I

GGTGGTGGTGGTGCTTGTTTTTCTTTTAATACT CC&TC CTCCCTACCCCGTGATACCCCTAGACACTTAATTTTTTAGTTC -243

III T -288 T -247

CTTGGTGGAGGAGAGCATAGTGAGTTGAGCAGC TTTGTGGGACTTTAAAAGTTCGTAGT TTTTCAGATCCTGGTGTAAGC -163
-198 IIr I

YG31 I cDNA 560

TGAATTCTCTCTGCCCCACCCCCCAGGGCCTGGGAGCCTTCCAAAGTGAGGTGTCCACACGGGAATGGGCCACAGAATCG  -83
-96 -S1

[v L » v F 1R C
CCGCCTGCAAGCTAGGAATGCCCOTCCTGCCTGATGETCCTGCCTGATGTGTTCATACGCTGTGTGGTTTICTGTCTTAC .3

-}

~ YG20 I, IiL YGl04 I, I

lexon B

AG’.!.‘TGT'I'I‘G'I'I‘GGBCTTGGGT'I'CCC'I"I.‘ACGAGGGCCCAGCK‘CCCCTGGAAGCI‘ATCGCMATGGATGTGC‘I‘I“I‘I‘CNMT +78
1
CCCAAGTTCAACCCACCCAAAAGCAGCAAAAACACAGACTTTTTCATTGGCAAGCCAACTCTGAGAGAGGTAAGCATCTA +158

-4 exon B 1
VB56 III

TCAAAATTATTCCATTTTGAATAATATGAATAATAGCTATTTATTGAGTGCTCATGTAGGTATTAACCTTTCCATCTAAC +238

ATGATTGGGGGGGAGGGTGAGGGTATAGAGGCTCAGAGAGGCAAATGACCTGATCCTCGAGCTC +302

Sacl

Expression of the Antigen-coding Sequence in Tumors.
An RT-PCR assay named I-C, performed with a sense
primer located near the end of the intron that precedes
exon B and an anti-sense primer located downstream exon
B in the GnT-V transcript (Fig. 4, primers i and c), ampli-
fies a 271-bp fragment only from the GnT-V transcript that
codes for antigen NA17-A. This assay yielded no amplifi-

length.
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Figure 7. Sequences sur-
rounding the exons present in
the two Sacl restriction frag-
ments of the 14-kb genomic
insert. Exons appear in bold, in-
trons in plain text. The peptide-
encoding sequence also appears
in bold. It 1s immediately pre-
ceded by a start codon
(underlined). Nucleotides of the
8.5-kb fragment are numbered
from the first nt of exon B. Posi-
tions of primers used in 5 an-
chored PCR. experiments are in-
dicated by horizontal arrows:
bold arrows indicate primers
used for reverse transcription,
thin arrows those used for the fi-
nal cycles of PCR amplification.
Roman numbers below each
primer indicate in which experi-
ment it was used. Vertical arrows
represent 5  extremities of
cloned anchored PCR products,
and are noted I, II, or III to indi-
cate the experiment where they
were obtained. Each arrow rep-
resents one sequenced clone, ex-
cept for arrow noted II which
represents the extremity of eight
different clones. The vertical ar-
row noted cDNA 560 shows the
5" start of cDNA 560. Sacl and
HindIII restriction sites appear in
italics. These sequence data are
available from EMBL/Gen-
Bank/DDBJ] under accession
numbers X91652 and X91653.

cation product with genomic DNA, indicating that the in-
tron located between exons B and C is of considerable

13 HLA-A2 tumor cell lines were tested with a quantita-
tive version of RT-PCR I-C and also for their ability to
stimulate TINF release by CTL 213 (Table 1). The 8 HLA-
A2 tumor cell lines that stimulated TNF release by CTL



Table 1. TNF Assay and Quantitative RT-PCR Results on
HLA-A2 Tumor Cell Lines

Expression of

Recognition the messenger

HLA-A2 by CTL-213 in coding for
tumor cell lines TNF assay* antigen NA17-A%
LB24-MEL +++ 298%
NA17-MEL ++ 175%
MZ2-MEL.HLA-A2 +++ 100%

(reference)
NA74-MEL ++ 50%
SK23-MEL ++ 32%
LB373-MEL + 30%
526-MEL + 19%
MI15-MEL + 14%
LB168-MEL + 8%
LB96SARC - 3%
SK29-MEL - 1%
NA8-MEL - 1%
LB23-SARC - 1%
LB37-NSCLC - 1%

*The TNF assay was performed by adding 2,500 CTL 213 to 10,000
tumor cells and testing the supernatants 24 h later on WEHI-13 cells.
*cDNA synthesis and 25 cycles of PCR I-C amplification were per-
formed with trace amounts of [*’P]dCTP as described in Materials and
Methods. Results were quantitated on Phosphor-Imager and normal-
ized according to the expression of B-actin. Results are expressed as a
percentage of the level of expression in melanoma line MZ2-MEL.

213 had a level of expression of NA17-A messenger be-
tween 300 and 8% of that observed in the MZ2-MEL cell
line. There was a good correlation between the level of the
NA17-A messenger and the amount of TNF released by
the CTL. The five HLA-A2 tumor cell lines that were
negative in the TNF assay expressed less than 3% of the
amount of NA17-A messenger found in MZ2-MEL cells.

42 melanoma samples and 198 samples of tumors other
than melanoma were tested by RT-PCR I-C (Table 2).
About half the melanoma samples expressed levels of
NA17-A messenger that should lead to antigen expression
(More than 12% of that of MZ2-MEL), while tumors of
other types did not, with the exception of one brain tumor
and one sarcoma.

Expression of the Antigen-coding Sequence in Normal Tis-
sues. A variety of normal tissue samples were tested by
RT-PCR I-C for the expression of the RNA coding for
antigen NA17-A (Table 3). All the 54 samples were nega-
tive except for one breast sample (out of six tested) and one
brain sample (out of five), which contained substantia ni-
gra. These samples gave signals evaluated to 3 and 4%, re-
spectively, of the level observed in the MZ2-MEL cell line.

Whereas two skin samples were negative in the RT-
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Table 2. Expression of NA17-A in Tumor Samples

Number of samples with
a Na17-A Expression?

Number of samples

Type of tumor tested™ >125% 2-12.5% <2%$
Adrenal gland 1 0 0 1
Bladder 15 0 0 15
Brain 10 1 2 7
Breast 25 0 2 23
Colon-rectum 10 0 4 6
Head and neck 15 0 0 15
Kidney 16 0 0 16
Leukemia 8 0 3 5
Lung 31 0 0 30
Lymphoma 2 0 0 2
Melanoma 42 20 9 13
Neuroblastome 3 0 0 3
Ovary 0 0 1
Pancreas 4 0 1 3
Prostate 14 0 0 14
Sarcoma 22 1 2 19
Skin 0 0 3
Stomach 2 0 0 2
Testis 11 0 0 11
Thymus 1 0 0 1
Thyroid 0 0

Uterus 3 0 0 3

*¢DNA synthesis and 30 cycles of PCR I-C were performed as de-
scribed i Materials and Methods.

¥Semi-quantitative measurement was obtained by comparing ethidium
bromide fluorescence of PCR products in samples to that in eightfold
diluted MZ2-MEL.43 RNA (12.5%).

$The limit of detection was evaluated to 2%.

PCR assay, a melanocyte culture was clearly positive. We
felt that the expression of the NA17-A messenger might be
related to in vitro culture conditions and we reexamined
the presence of the messenger in the skin. We evaluated
the expression of the NA17-A coding sequence relative to
that of the tyrosinase gene which is known to be expressed
specifically in melanocytes. We considered that if the
NA17-A messenger is produced by normal melanocytes,
which constitute a few percent of the cells of the basal layer
of the epidermis, the expression of this messenger in the
skin sample ought to be decreased relative to that found in
the MZ2-MEL melanoma line proportionately to thar of
the tyrosinase messenger. In the two skin samples that were
tested we observed a level of tyrosinase mRINA averaging
7.5% of that found in MZ2-MEL cells. For the NA17-A
coding sequence the average was only 0.45%, suggesting
that skin melanocytes do not express a significant level of
the sequence coding for antigen NA17-A.

A Human Tumor Antigen Encoded by the N-acetylglucosaminyltransferase V Gene



Table 3. Expression of NA17-A in Normal Tissues

Number of positive
results/number of samples

Type of tissue tested®
Adrenal gland 0/3
Bladder 0/4
Brain 1/5 (4%)*
Breast 1/6 (3%)$
Cerebellum 0/1
Colon 0/3
Epididyme 0/2
Heart 0/1
Kidney 0/3
Liver 0/3
Lung 0/3
Muscle 0/1
Ovary 072
Prostate 0/1
Scar 0/2
Skin 0/2
Stomach 0/1
Testis 0/3
Thymocytes 0/1
Uterus 0/1
Placenta 0/1
Foetal testis 0/1
Foetal brain 0/3
Umbilical cord 0/1

*cDNA synthesis and 30 cycles of PCR I-C were performed as de-
scribed in Materials and Methods. The percentage of NA17-A expres-
sion compared to NA17-A expression in MZ2-MEL cell line was evai-
uated in the two positive samples.

#The brain sample was assayed by quantitative radioactive PCR as de-
scribed.

$The breast sample was evaluated by performing 38 PCR I-C cycles
and comparing ethidium bromide fluorescence of products to those ob-
tained on serially diluted MZ2-MEL RNA.

Discussion

Tumor antigen NA17-A is expressed by approximately
50% of HLA-A2 melanomas. It is a product of the gene that
codes for N-acetylglucosaminyltransferase V (GnT-V). This
enzyme is located in the Golgi apparatus. It catalyzes the trans-
fer of N-acetylglucosamine in B(1,6)-linkage to the a(1,6)-
linked mannose of biantennary N-linked oligosaccharides
(35a). This enzyme is active in many normal tissues. Its ac-
tivity in many cell types has been shown to increase signifi-
cantly after infection by various transforming viruses or
transfection with oncogenes, such as ras (36—40). For sev-
eral cell lines, increase in the activity of Gn'T-V appears to
correlate with increase in the metastatic potential (41, 42).
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Remarkably, the region coding for the peptide that
binds to HLA-A2.1 to form antigen NA17-A is located in
an intron. The results of anchored-PCR amplification sug-
gest that messengers coding for the antigenic peptide are
generated by the activation in melanoma cells of a pro-
moter located in this intron. No consensus TATA box can
be found in the rather diffuse region where starting points
of 5’ anchored-PCR clones were found, and this rmay ac-
count for the absence of a precise transcription starting
point. The examination of the putative promoter region
did not reveal any transcription factor binding sequence
that seemed likely to be responsible for the transcriptional
activation in melanoma. We intend to clone this region
into a reporter vector, as a first step in analyzing the activa~
tion of the putative intron promoter in the melanoma cells.

The AUG codon, which immediately precedes the anti-
gen coding sequence, does not benefit from a favorable up-
stream sequence for a translation start: instead of the con-
sensus purine, there is a C in position ~—3. But there isa G
in position +4, which ought to compensate for this.

The decapeptide VLPDVFIRCV, which is recognized
in association with the HLA-A2.1 molecule by CTL di-
rected against NA17-A is a consensus HLA-A2.1 binding
peptide (33) with anchor residues L and V in positions 2
and 10, respectively. Interestingly, nonapeptide VLPDV-
FIRC induces lysis by CTL 213 equally well, even though
it lacks the COOH-terminal consensus anchor residue.

The mRINA that codes for the NA17-A peptide could
also code for several other HLA-binding peptides that are
not encoded by the normal GnT-V mRNA. This is be-
cause the AUG located in front of the NA17-A peptide
opens a reading frame which is out of phase with the nor-
mal GnT-V coding sequence and which codes for a poly-
peptide of 74 amino acids. Thus, the abnormal GnT-V
messenger could code for several tumor antigens recog-
nized by T lymphocytes.

We examined whether antigen NA17-A is a melano-
cytic differentiation antigen like those encoded by tyrosi-
nase, Melan-AMART-1/ o1y 100Pmel7 3nd gp75, or whether its
expression is restricted to tumors. The messenger coding
for antigen NA17-A seemed not to be expressed at a signif-
icant level in the skin melanocytes, indicating that antigen
NA17-A is not a differentiation antigen. The expression of
the NA17-A messenger appears to be tumor-specific, even
though most normal tissues produced weak signals after 38
PCR cycles. But these weak signals may result from the
amplification of incompletely spliced but otherwise normal
GnT-V messenger, which is very unlikely to produce the
antigenic peptide since the peptide-coding sequence is lo-
cated near the end of a very long intron containing multi-
ple stop codons in all reading frames. Even if these weak
signals represented the appropriate message, the level of ex-
pression would most probably be too low to produce
enough peptide for CTL recognition. We conclude that it
is very likely that the expression of antigen NA17-A is suf-
ficiently tumor-specific to be a useful target for cancer im-
munotherapy.



We thank M. Swinarska for RNA samples; A. Gustin and M. Panagiotakopoulos for excellent laboratory as-
sistance; and are grateful to S. Khaouali for help in the preparation of the manuscript. We thank also J.-C.
Cerottini and Catherine Servis (Ludwig Institute and ISREC, Lausanne) for the synthesis of peptides.

This work is partially supported by the Belgian program on Interuniversity Poles of Attraction initiated by
the Belgian State, Prime Minister’s Office, Office for Science, Technology and Culture (OSTC). The scien-
tific responsibility is assumed by the authors. This research is partially subsidized by the Fonds Maisin, by the
Association contre le Cancer (Belgium) and by the European Community program BIOMED for Research
and Technological Development. V. Brichard is Senior Research Assistant of the Fonds National de la Re-
cherche Scientifique, Brussels, Belgium. S. Lucas is Research Assistant of the Fonds National de la Recher-
che Scientifique, Brussels, Belgium. Y. Guilloux is supportted by a grant from GEFLUC, France. F. Brasseur
is supported by the Caisse Générale d’Epargne et de Retraite-Assurances, Belgium.

Address correspondence to Thierry Boon, Ludwig Institute for Cancer Research, Brussels Branch, 74 ave-

nue Hippocrate UCL 74.59, B1200 Brussels, Belgium

Received for publication 20 September 1995 and in revised form 10 October 1995.

References
1. Boon, T., J.-C. Cerottini, B. Van den Eynde, P. van der 11. Brichard, V., A. Van Pel, T. Wolfel, C. Wolfel, E. De Plaen,
Bruggen, and A. Van Pel. 1994. Tumor antigens recognized B. Lethé, P. Coulie, and T. Boon. 1993. The tyrosinase gene
by T lymphocytes. Annu. Rev. Immunol. 12:337-365. codes for an antigen recognized by autologous cytolytic T
2. Mukheri, B., and T.J. MacAlister. 1983. Clonal analysis of lymphocytes on HLA-A2 melanomas. J. Exp. Med. 178:489—
cytotoxic T cell response against human melanoma. J. Exp. 495,
Med. 158:240-245. 12. Robbins, P.F., M. El-Gamil, Y. Kawakami, and S.A. Rosen-
3. Knuth, A., B. Dnowski, H.F. Oettgen, and L. Old. 1984, berg. 1994. Recognition of tyrosinase by tumor-infiltrating
T-cell mediated cytotoxicity against autologous malignant lymphocytes from a patient responding to immunotherapy.
melanoma: analysis with interleukin-2-dependent T-cell cul- Cancer Res. 54:3124-3126.
tures. Proc. Natl. Acad. Sci. USA. 81:3511-3515. 13. Topalian, S.L., L. Rivoltini, M. Mancini, N.R. Markus, P.F.
4. Itoh, K., A.B. Tilden, and C.M. Balch. 1986. Interleukin-2 Robbins, Y. Kawakami, and S.A. Rosenberg. 1994. Human
activation of cytotoxic T-lymphocytes infiltrating into hu- CD4+ T cells specifically recognize a shared melanoma-asso-
man metastatic melanomas. Cancer Res. 46:3011-3017. ciated antigen encoded by the tyrosinase gene. Proc Natl.
5. Hérin, M., C. Lemoine, P. Weynants, F. Vessi¢re, A. Van Acad. Sci. USA. 91:9461-9465.
Pel, A. Knuth, R. Devos, and T. Boon. 1987. Production of 14. Wolfel, T., A. Van Pel, V. Brichard, J. Schneider, B. Seliger,
stable cyrolytic T-cell clones directed against autologous hu- K.-H. Meyer zum Biischenfelde, and T. Boon. 1994. Two
man melanoma. Int. J. Cancer. 39:390-396. tyrosinase nonapeptides recognized on HLA-A2 melanomas
6. Pandolfino, M.-C., C. Viret, N. Gervois, Y. Guilloux, F. by autologous cytolytic T lymphocytes. Eur. J. Immunol. 24:
Davodeau, E. Diez, and F. Jotereau. 1992. Specificity, T cell 759-764.
receptor diversity and activation requirements of CD4+ and 15. Coulie, P.G., V. Brichard, A. Van Pel, T. Wolfel, J.
CD8+ clones derived from human melanoma-infiltrating Schneider, C. Traversari, S. Mattei, E. De Plaen, C. Lurquin,
lymphocytes. Eur. J. Immunol. 22:1795~1802. J.-P. Szikora, J.-C. Renauld, and T. Boon. 1994. A new
7. van der Bruggen, P., C. Traversari, P. Chomez, C. Lurquin, gene coding for a differentiation antigen recognized by autol-
E. De Plaen, B. Van den Eynde, A. Knuth, and T. Boon. ogous cytolytic T lymphocytes on HLA-A2 melanomas. J.
1991. A gene encoding an antigen recognized by cytolytic T Exp. Med. 180:35-42.
lymphocytes on a human melanoma. Science (Wash. DC). 16. Kawakami, Y., S. Eliyahu, C.H. Delgado, P.F. Robbins, L.
254:1643—1647. Rivoltini, S.L. Topalian, T. Miki, and S.A. Rosenberg. 1994.
8. Gaugler, G., B. Van den Eynde, P. van der Bruggen, P. Cloning of the gene coding for a shared human melanoma
Romero, J.J. Gaforio, E. De Plaen, B. Lethé, F. Brasseur, and antigen recognized by autologous T cells infiltrating into tu-
T. Boon. 1994. Human gene MAGE-3 codes for an antigen mor. Proc, Natl. Acad. Sci. USA. 91:3515-3519.
recognized on a melanoma by autologous cytolytic T lym- 17. Bakker, A.B.H., M.W ]. Schreurs, A J. de Boer, Y. Kawakami,
phocytes. J. Exp. Med. 179:921-930. S.A. Rosenberg, G.J. Adema, and C.G. Figdor. 1994. Mel-
9. Boél, P.,, C. Wildmann, M.-L. Sensi, R. Brasseur, J.-C. anocyte lineage-specific antigen gp100 is recognized by mela-
Renauld, P. Coulie, T. Boon, and P. van der Bruggen. 1995. noma-derived tumor-infiltrating lymphocytes. J. Exp. Med.
BAGE, a new gene encoding an antigen recognized on hu- 179:1005-1009.
man melanomas by cytolytic T lymphocytes. Immunity. 2: 18. Cox, A.L., J. Skipper, Y. Chen, R.A. Henderson, T.L. Dar-
167—-175. row, J. Shabanowitz, V.H. Engelhard, D.F. Hunt, and C.L.
10. Van den Eynde, B., O. Peeters, O. De Backer, B. Gaugler, S. Slingluff, Jr. 1994. Identification of a peptide recognized by
Lucas, and T. Boon. 1995. A new family of genes coding for five melanoma-specific human cytotoxic T cell lines. Science
an antigen recognized by autologous cyvtolytic T lymphocytes (Wash. DC). 264:716-719.
on a human melanoma. J. Exp. Med. 182:689-698. 19. Wang, R.-F., P.F. Robbins, Y. Kawakami, X.-Q. Kang, and

1182 A Human Tumor Antigen Encoded by the N-acetylglucosaminyltransferase V Gene



20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

S.A. Rosenberg. 1995. Identification of a gene encoding a
melanoma tumor antigen recognized by HLA-A31-restricted
tumor-infiltrating lymphocytes. J. Exp. Med. 181:799-804.
Van den Eynde, B., P. Hainaut, M. Hérin, A. Knuth, C.
Lemoine, P. Weynants, P. van der Bruggen, R. Fauchet, and
T. Boon. 1989. Presence on a human melanoma of multiple
antigens recognized by autologous CTL. Int. J. Cancer. 44:
634—640.

. Sambrook, J., E.F. Fritsch, and T. Maniatis. 1989. Molecular

cloning. A Laboratory Manual. N. Ford, C. Nolan, and M.
Ferguson, editors. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY.

Seed, B., and A. Aruffo. 1987. Molecular cloning of the CD2
antigen, the T-cell erythrocyte receptor, by a rapid immuno-
selection procedure. Proc. Natl. Acad. Sci. USA. 84:3365—
3369.

Wolfel, T., M. Hauer, E. Klehmann, V. Brichard, B. Acker-
mann, A. Knuth, T. Boon, and K.-H. Meyer zum Biischen-
felde. 1993. Analysis of antigens recognized on human mela-
noma cells by A2-restricted cytolytic T lymphocytes (CTL).
Int. J. Cancer. 55:237-244.

Traversari, C., P. van der Bruggen, B. Van den Eynde, P.
Hainaut, C. Lemoine, N. Ohta, L. Old, and T. Boon. 1992.
Transfection and expression of a gene coding for a human
melanoma antigen recognized by autologous cytolytic T lym-
phocytes. Immunogenetics. 35:145-152.

Espevik, T., and J. Nissen-Meyer. 1986. A highly sensitive
cell line, WEHI 164 clone 13, for measuring cytotoxic fac-
tor/tumor necrosis factor from human monocytes. J. Immu-
nol. Methods. 95:99-105.

Hansen, M.B., S.E. Nielsen, and K. Berg. 1989. Re-exami-
nation and further development of a precise and rapid dye
method for measuring cell growth/cell kill. . Immunol. Meth-
ods. 119:203-210.

Frohman, M.A., M.K. Dush, and G.R. Martin. 1988. Rapid
production of full-length cDNAs from rare transcripts: ampli-
fication using a single gene-specific oligonucleotide primer.
Proc. Natl. Acad. Sci. USA. 85:8998-9002.

Atherton, E., C]J. Logan, and R.C. Sheppard. 1981. Peptide
synthesis. Part 2. Procedures for solid phase synthesis using
Na-fluorenylmethysoxycarbamylamino-acid on polymide
supports. Synthesis of substance P and of acyl carrier protein
65-74 decapeptide. J. Chem. Soc. Lond. Perkin Trans. 1:538.
Boon, T., J. Van Snick, A. Van Pel, C. Uyttenhove, and M.
Marchand. 1980. Immunogenic variants obtained by mu-
tagenesis of mouse mastocytoma P815. II. T Lymphocyte-
mediated cytolysis. J. Exp. Med. 152:1184-1193.

Davis, L.G., M.D. Dibner, and J.F. Battey. 1986. Basic
Methods in Molecular Biology. Elsevier, NY. 130-135.
Viret, C., F. Davodeau, Y. Guilloux, J.-D. Bignon, G. Sem-
ana, R. Breathnach, and F. Jotereau. 1993. Recognition of
shared melanoma antigen by HLA-A2-restricted cytolytic T
cell clones derived from human tumor-infiltrating lympho-
cytes. Eur. J. Immunol. 23:141-146.

1183

Guilloux et al.

32.

33.

34.

35.

Saito, H., A. Nishikawa, J. Gu, Y. Thara, H. Soejima, Y. Wada,
C. Sekiya, N. Niikawa, and N. Taniguchi. 1994. cDNA
cloning and chromosomal mapping of human N-acetylglu-
cosaminyltransferase V*. Biochem. Biophys. Res. Commun. 198:
318-327.

Ruppert, J., H.M. Grey, A. Sette, R.T. Kubo, J. Sidney, and
E. Celis. 1993. Prominent role of secondary anchor residues
in peptide binding to HLA-A2.1 molecules. Cell. 74:929-
937.

Salter, R.D., D.N. Howell, and P. Cresswell. 1985. Genes
regulating HLA class I antigen expression in T-B lymphoblast
hybrids. Immunogenetics. 21:235-246.

Cerundolo, V., J. Alexander, K. Anderson, C. Lamb, P. Cress-
well, A. McMichael, F. Gotch, and A. Townsend. 1990. Pre-
sentation of viral antigen controlled by a gene in the major
histocompatibility complex. Nature (Lond.). 345:449—-452.

35a.Cummings, R.D., LS. Trowbridge, and S. Kornfeld. 1982.

36.

37.

38.

39.

40.

41.

42,

Mouse lymphoma cell line resistant to the leukoagglutinat-
ing lectin from Phaseolus vulargis is deficient in UDP-Glc
NAc: a-p-mannoside B1, 6 N-acetylglucosaminyltrans-
ferase. J. Biol. Chem. 257:13421-13427.

Santer, U.V,, F. Gilbert, and M.C. Glick. 1984. Change in
glycosylation of membrane glycoproteins after transfection of
NIH 3T3 with human tumor DNA. Cancer Res. 44:3730—
3735.

Yamashita, K., Y. Tachibana, T. Ohkura, and A. Kobata.
1985. Enzymatic basis for the structural changes of aspar-
agine-linked sugar chains of membrane glycoproteins of baby
hamster kidney cells induced by polyoma transformation. J.
Biol. Chem. 260:3963-3969.

Pierce, M., and J. Arango. 1986. Rous sarcoma virus-trans-
formed baby hamster kidney cells express higher levels of
asparagine-linked tri- and tetraantennary glycopeptides con-
taining [GleNAc-f(1,6)Man-a(1,6)Man] and poly-N-acetyl-
lactosamine sequences than baby hamster kidney cells. J. Biol.
Chem. 261:10772-10777.

Dennis, J.W., K. Kosh, D.-M. Bryce, and M.L. Breitman.
1989. Oncogenes conferring metastatic potential induce in-
creased branching of Asn-linked oligosaccharides in rat2 fi-
broblasts. Oncogene. 4:853-860.

Easton, E.W., J.G.M. Bolscher, and D.H. van den Eijnden.
1991. Enzymatic amplification involving glycosyltransferases
forms the basis for the increased size of Asparagine-linked
glycans at the surface of NIH 3T3 cells expressing the N-ras
proto-oncogene. J. Biol. Chem. 266:21674-21680.

Dennis, J.W., S. Laferté, C. Waghorne, M.L. Breitman, and
R.S. Kerbel. 1987. B1-6 branching of Asn-linked oligosac-
charides is directly associated with metastasis. Science (Wash.
DC). 236:582-585.

Saitoh, O., W.-C. Wang, R. Lotan, and M. Fukuda. 1992.
Differential glycosylation and cell surface expression of lyso-
somal membrane glycoproteins in sublines of a2 human colon
cancer exhibiting distinct metastatic potentials. J. Biol. Chem.
267:5700-5711.



