Immunogenetics (1996) 44: 323-330 O Springer-Verlag 1996

ORIGINAL PAPER

Béatrice Gaugler - Nathalie Brouwenstijn

Valérie Vantomme - Jean-Pierre Szikora

Corry W. Van der Spek - Jean-Jacques Patard
Thierry Boon - Peter Schrier - Bendt J. Van den Eynde

A new gene coding for an antigen recognized by autologous cytolytic
T lymphocytes on a human renal carcinoma

Received: 17 April 1996

Abstract Previous reports have described antigens that ay@up are differentiation antigens expressed in melanoma
recognized on human melanoma cells by autologous cytd normal melanocytes. They derive from tyrosinase,
Iytic T lymphocytes (CTL). The genes coding for a numbdvielan-AMART-1 gp10@®mell7 and gp75RP1 (Bakker et al.

of these antigens have been identified. Here we report th@94; Brichard et al. 1993; Coulie et al. 1994; Cox et al.
cloning of a gene that codes for an antigen recognized b994; Wang et al. 1995). The third class comprises antigens
autologous CTL on a human renal carcinoma cell line. Thisoduced by point mutations in genes likkJM1 or CDK4,
antigen is presented tYLA-B7 and is encoded by a newwhich are expressed ubiquitously (Coulie et al. 1995;
gene that we have nam&RNGE1 No expression oRAGE1 Wolfel et al. 1995).

was found in normal tissues other than retina. RAGE1 Like melanoma, renal cell carcinoma (RCC) is a tumor
expression was found in only one of 57 renal cell carcinontgpe that appears to be sensitive to immune attack. Primary
samples, and also in some sarcomas, infiltrating bladdedney tumors are usually infiltrated by numerous
carcinomas, and melanomas. This represents the first idé@nfymphocytes displaying cytolytic activity against the
tification of an antigen recognized by autologous CTL ontamor cells, and metastatic lesions were found to regress
renal tumor. spontaneously in up to 7% of the cases (Balch et al. 1990;
Belldegrun et al. 1988; Oliver et al. 1989). Some long-term
tumor responses obtained with interleukin-2 in patients
with metastatic RCC may also result from the elicitation
of T-cell responses (Belldegrun et al. 1993; Palmer et al.
1992; Rosenberg 1992; Rosenberg et al. 1994; Weiss et al.
S1992). This suggests that kidney tumors express antigens

directed against autologous melanoma have been obtaifféd} can be lrecpgmzed by T lymphocytes potentially
from either peripheral blood lymphocytes (PBL) or lymEapable of rejecting the tumor cells. However, none of
phocytes infiltrating the tumor (TIL; Boon et al. 1994). In et(he tumor antigens thus f_ar defined on melanoma cells is
number of instances, the antigens recognized by these C{Pressed on renal carcinoma. GemaGE1, MAGES,

have been characterized. They can be classified into sevB ! ierrZQ(:\?c'?e(ﬁizrriiﬁéﬂ:ssed in several tumor types, but
roups. The first group comprises antigens encoded _ : .
group group P g 9Recently we isolated a number of CTL clones directed

enes such asMAGE1l, MAGE3, BAGE and GAG ) X .
\?vhich are expressed in a number ofEtumors buEt1 afgainst autologous RCC line LE9211-RCC, and we obtain-
completely silent in normal tissues except testis (Bete ed evidence that these clones do not recognize normal

al. 1995: Gaugler et al. 1994; Van den Eynde et al. lgg)ﬁ;ney cells (Brouwenstijn et al., 1996). Here we report

van der Bruggen et al. 1991). The antigens of the secd e identification of the gene coding for the antigen recog-
nized by one of these CTL clones.

Introduction

A large number of cytolytic T lymphocytes (CTL) clone

B. Gaugler- V. Vantomme- J.-P. Szikora J.-J. Patard T. Boon
B. J. Van den EyndeX)
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N. Brouwenstijn- C. W. Van der Spek P. Schrier Renal cell carcinoma cell line LE9211-RCC was derived from the
Dept. of Clinical Oncology, Academic Hospital Leiden, primary tumor of patient LE9211 and was cultured in Dulbecco’s

P. O. Box 9600, 2300 RC Leiden, The Netherlands modified eagle medium supplemented with 10% FCS, L-glutamine
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Fig. 1 Specific lytic activity of e LE9211-RCC Identification by RACE PCR of the &nd of the RAGE cDNA
CTL clone 263/17. LE9211-RCC

is the autologous renal carcinoma *°7
cell line, and NA6-MEL is an -0- K562
allogeneic HLA-B# melanoma 304
line

—&— NAG-MEL Amplification of the 8 end was performed on polyARNA using the

5" AmplifinderD) RACE Kit (Clontech, Palo Alto, CA). The primer
used for cDNA synthesis was’‘&GTGTGCCGATGACATCG-3
(BG16, anti-sense nucleotide, position 202—-219RAGE). PCR
amplification was performed with the sense Amplifinder anchor primer
and the anti-sense primet-8CAGGAAAGAGGGGCTGC-3(BG17,
anti-sense, nucleotides 150-167RAGEY). Amplified products were
cloned into vector pCR-Script SK(+) (pCR-Scripf]l SK(+) Cloning

Kit; Stratagene, La Jolla, CA) and sequenced.

20

% specific lysis

e—8 o o0—0—o0

1 3 1 3 10 30
Effector to target rati f
ectorto target ratlo PCR assay for the expression of RAGE genes

(216 mg/ml), L-arginine (116 mg/ml), L-asparagine (36 mg/mi}yotal RNAwas extracted by the guanidine-isothiocyanate procedure as
200 units/ml penicillin, and 10Qig/ml streptomycin. CTL clone 263/ gescribed (Davis et al. 1986). Reverse transcription was performed as
17 was derived from PBL of patient LE9211 by in vitro stimulatioryescribed elsewhere (Van den Eynde et al. 1995). For PCR amplifica-
with irradiated LE9211-RCC cells and was maintained in culture &, 1/20 of the cDNA reaction was supplemented withu of
described (Hen et al. 1987). CTL clone 361A/17 was obtainedig x thermostable DNA polymerase buffer (Finnzymes OY, Espoo,
slmllarly from the same experiment and Was_useq in one experimefibjand), 1pl each of 10 mM dNTP, 2ul each of 20uM primers
in place of CTL 263/17 which failed to grow indefinitely. Both CTL g|ytions, 1 unit of Dynazyme (Finnzymes OY) and water to a final
recognize the same antigen. LB23-SAR is a sarcoma cell line derivgglyme of 50pl. The PCR primers for the amplification of #RAGE
from anHLA-B7 patient. It was transfected by the calcium-phospha@enes were 5GTGTCTCCTTCGTCTCTACTA-3 (TB4, sense, nu-
precipitate method with theRAGEL cDNA cloned into plasmid cleotides 26-44 of RAGE) and anti-sense primer '5
PEFBOS [kindly provided by Shigekazu Nagata, Osaka, Japan (MiGTGTGCCGATGACATCG-3 (BG16, anti-sense, nucleotides
zushima and Nagata 1990)] into which a puromycin resistance geji_219 of RAGE). For the specific amplification 0fRAGE]
had been introduced (constructed by J. C. Renaud in the laboratorghnse primer TB4 was used with anti-sense prim&GAGG-
TATTCCTGATCCTG-3 (BG25, anti-sense, nucleotides 248—-265 of
RAGEJ). After a first denaturation step of 5 min at 8¢, PCR was run
Assay for cytolytic activity with 33 cycles of 1 min at 94C, 2 min at 60°C (56°C when primer
BG25 was used), and 3 min at 7€. A final extension step of 15 min
Lytic activity of CTL clones was tested as previously described (Bogt 72°C was done. Aliquots of 1@l of the PCR products were size-
et al. 1980). Target cells were preincubated with 100 units/miy4r\h ~ Separated on agarose gels. RNA integrity was checked by reverse
before the assay. Chromium release was measured after 4 h. transcription and amplification of thg-actin mRNA.

Transfecti f the cDNA lib into COS-7 cell
ransfection of the ¢ ibrary into cells Results

The cDNA library was prepared as described (Van den Eynde et al.
1995). Transfection experiments were performed by the DEAE-de€TL clone 263/17 was isolated from a responder lympho-

tran-chloroquine method (Brichard et al. 1993; Coulie et al. 1994; Seggte population obtained by stimulatin eripheral blood
and Aruffo 1987). Briefly, 1.5 19COS-7 cells were transfected with 9m i?otlzj tes of patient LE9)2/11 with irragdigtedpcells of the
about 100 ng of plasmid DNA from a bacteria pool of the (:DNA\y P y P

library and with 60 ng of plasmid pcD-SRcontaining theHLA-B7 ~autologous renal cell carcinoma _(RCC) line. This CTL
cDNA. The cDNA encodingHLA-B7 was obtained by reverse tran-clone lyses autologous renal carcinoma cells but not NK-
scription-polymerase chain reaction (RT-PCR) from RNA sarcoma lirgansitive target cells K562 (Fig. 1; Brouwenstijn et al.
LB23-SAR using the method described by Ennis and co-worke : :

(1990) and was cloned into plasmid pcD<6Ra gift from Kevin 1%96)' The antigen re.COinzed by CTL clone 263/17 was
Moore, DNAX, Palo Alto, CA). Transfected COS-7 cells were teste@@lled LE9211-A. This CTL clone released TNF when
for their ability to stimulate the production of TNF by the CTL clone astimulated with LE9211-RCC tumor cells (Fig. 3). The
described (Traversari et al. 1992). HLA type of patient LE9211 iA3, B7, B35, Cwyand
Cw4. An antibody directed againstLA-B7 inhibited TNF
secretion by clone 263/17 (Brouwenstijn et al. 1996). In
agreement with the conclusion that the antigen is presented

DNA sequencing was performed by the dideoxy-chain terminatidy HLA-B7, we found thaHLA-B7-positive melanoma line
method (T7 Sequencing Kit; Pharmacia Uppsala, Swededd@adZ  NA6-MEL was also lysed by CTL 263/17 (Fig. 1).
Cycle-Sequencing Kit; US Biochemicals, Cleveland, OH) using spe-

cific priming with synthetic oligonucleotides. The computer search for

sequence similarity was done with the Blast program at NCB . .

Sequence alignments were performed with Geneworks (Intelligenetiés,CDNA encoding antigen LE9211-A
Mountain View, CA).

DNA sequence analysis

To identify the gene coding for antigen LE9211-A, we

prepared a cDNA library in plasmid pcDNAI/Amp with
Screening of the cDNA library RNA from LE9211-RCC cells. We divided the library into
Colonies from the cDNA library of LE9211-RCC cells were grown o 1400 pools of approximately 100 bacteria, and we cotrans-
hybridization transfer membranes (GeneScreen[Plixipont, Boston Tected DNA from each pool into COS-7 cells together with

MA) and were hybridized with &2P-labeled PCR product (nucleotideth® HLA-B7 cDNA. Forty.-eight h |ater. we Screen_ed the
26-219 ofRAGE). transfectants for expression of the antigen by adding CTL
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- Fig. 3 Lysis of stable transfec- e LE9211-RCC
Stimulator cells tants obtained with thRAGE1 50 —a— LB26-SAR-RAGE-1
cDNA. LB23-SAR is an HLA- —O— LB23.SAR
LE9211-RCC >120|  B7+ sarcoma line. It was trans- 40|
. fected with theRAGE1cDNA I
cos (LB23-SAR-RAGEL). The lysis g 30
test was performed with CTL 8
COS + HLA-B7 clone 361A/17, which recognizes & *°7
the same antigen as CTL clone ~ | |
COS + cDNA 9H3 263/17 PN
04 O—0—0—0 0
COS + HLA-B7 + cDNA 9H3 >120 T T : T T y
Bl 3 1 3 10 30
T T T T Effector to target ratio

T T T
0 20 40 60 80 100 120

TNF released by CTL 263/17 (pg/mi) efficient initiation of translation (Kozak 1991). The second

Fig. 2 Stimulation of CTL 263/17 by COS-7 cells transfected with th(_QRF (pOSitiQns ?04—32_6) is likely to b_e.t!'an5|ated becalﬂse
HLA-B7cDNA and with cDNA 9H3. Control stimulator cells includedit has a purine in position —3 of the initiator codon. It is

autologous LE9211-RCC cells and COS-7 cells transfected either wit@3 bp long and encodes a putative protein of 40 amino
the HLA-B7 cDNA alone or with cDNA 9H3 alone. The production of  .; ; s :
TNF was measured after 18 h of culture with the stimulator cells, baCIdS (Fig. 5). Three additional sizeable ORFs are found

testing toxicity of the supernatants for TNF-sensitive cells WEHFYOSVHStream (Fig. 4), two of which have strong initiator
164.13 coaons.

When cDNA 9H3 was used to hybridize a northern blot

prepared with RNA from LE9211-RCC, it revealed diffuse
263/17 to the microcultures, and by measuring TNF prbands corresponding to mRNAs of sizes between 1.6 and
duction after 18 h. One of the cDNA pools produced &9 kb (data not shown). We concluded that there were
transfected culture that strongly stimulated TNF release bgveral mMRNA species relatedRAGE and that clone 9H3
CTL 263/17. By subcloning the bacteria of this positivevas incomplete. Using primers specific for thé énd of
pool and by transfecting DNA from individual colonies as
above, we isolated cDNA clone 9H3 which transferred the
expression of the antigen (Fig. 2). When this clone wag . 4 Schematic representation of tiRAGEL, 2, 3and4 cDNAs.
transfected into the HLA-B7(+) sarcoma line LB23-SAR, %T%sed black boxe'mzicate the different ORFs i’nseach of the three
produced stable transfectants that stimulated TNF releassding framesShaded aream the RAGE2, 3and4 cDNAs represent
(data not shown) and were lysed by the CTL (Fig. 3). sequences unrelated to tRAGE1sequence, including two insertions.

; -Ihe 5 terminal sequence obtained by PCR is indicateddaghed
The 9H3 cDNA was 1118 base palirs (bp) long, and IEg'c:xesThe 3 end of this PCR sequence is identical to the overlapping

sequence showed no significant similarity with any geng enq sequences of thRAGE2, 3 and 4 cDNAs. The antigenic
reported in data banks. The new gene was naR®GE] peptide encoded bRAGELis indicated. Positions of the ORFs are as
for Renal tumor AntiGEn. Th&RAGE1lsequence containsfolI%V\éslr ORF1 (173-271); ORFZ (204-326) ORF3 (313-399)
z_everal sizeable open readmg frames (ORF) in the th F4 (323—610); ORF5 (444—665)

ifferent phases (Fig. 4). The first ORF (positions 173—27 kg5 0RF2 (217-276); ORF3(273—-449)
is probably not translated because its AUG initiator cod@nGE3:ORF6 (185_247)'

is not surrounded by the consensus motif required fBAGE4:0RF3 (269-832); ORF4(369-557)

SPSSNRIRNT

1000

RAGE-1 i 1118 bp
ORF1}, ORF4
0 - ‘ 500 oprs 1000
RAGE-2 — —] 1168 bp
,ﬁ: b ORF4
0 bn‘éra oanfi : 500 oRFs 1000
RAGE-3 1 1235 bp
1000
RAGE-4 2050 bp
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TTGAGTCCACAGATAAAATGTGTCTCCTTC
TTGAGTCCACAGATAAAATGTGTCTCCTTC
TTGAGTCCACAGATAAAATGTGTCTCCTTC

AGAGAGGCTGGAGAAGAGAGTGAAAAGACC
AGAGAGGCTGGAGAAGAGAGTGAAAAGACC
AGAGAGGCTGGAGAAGAGAGTGAAAAGACC

------ TCTGCAGCCCCTCTTTCCTGGAG
------- TCTGCAGCCCCTCTTTCCTGGAG
AGTCTGTTCTGCAGCCCCTCTTTCCTGGAG

GTCTCTACTAGAGAGGAAAAAGAACTGGAA
GTCTCTACTAGAGAGGAAAAAGAACTGGAA
GTCTCTACTAGAGAGGAAAAAGAACTGGAA

GCTTACCTGATTTGAAATTG--=-=-=-=-~-
GCTTACCTGATTTGAAATTG-~--=-~==-=~
GCTTACCTGATTTGAAATTGATGGTGGCGT

TAAATGAACTGGACCAAATCTCAAAARATC
TAAATGAACTGGACCAAATCTC-AAAAATC
TAAATGAACTGGACCAAATCTC-AAAAATC

------------------------ GGAGTT
---------- CTGTGACTGGTGCTGGAGTT
ATTCCTGAGTCTGTGACTGGTGCTGGAGTT

, TTGGAAGAACAGGGAGACTGAAGGGTAGCA
'TTGGAAGAACAGGGAGACTGAAGGGTAGCA
TTGGAAGAACAGGGAGACTGAAGGGTAGCA

GGGAATGAAGAATGTGATATACATCTTTGG

BG16

M s S A HP L RR
CACGATGTCATCGGCACACCCGCTCAGAAG
CACGATGTCATCGGCACACCCGCTCAGAAG
CACGATGTCATCGGCACACCCGCTCAGAAG

S 8 P 8§ 8 N B&@25 R I RN T S T NN Q F
ATCCTCACCAAGTTCAAAQA:- - o --o o~ -Io--Zo-tor-oo--2o-- oo "W -GGA _TCAGGAATACCTCTACTAACAACCAATTTG

ATCCTCACCAAGTTCAAACAGTCGAGAGCT

ATGAATTTTGATTTTCCTTTTAAAAAGGGA

TCAGGAATACCTCTACTAACAACCAATTTG

ATCCTCACCAAGTTCAAACAGTCGAGAGCT ATGAATTTTGATTTTCCTTTTAAAAAGGGA TCAGGAATACCTCTACTAACAACCAATTTG

vV P T M P L P P A R

TCCCCACAATGCCTCTCCCTCCTGCACGCA
TCCCCACAATGCCTCTCCCTCCTGCACGCA
TCCCCACAATGCCTCTCCCTCCTGCACGCA

TTCCAAGAACAGAGAAACAGTCCCTAAAGC
TTCCAAGAACAGAGAAACAGTCCCTAAAGC
TTCCAAGAACAGAGAAACAGTCCCTAAAGC

AGCTTTCGGGAGTGGTCAGACTGTCGTCTT
AGCTTTCGGGAGTGGTCAGACTGTCGTCTT
AGCTTTCGGGAGTGGTCAGACTGTCGTCTT

TGAGACCCTTGAAGTGCATCCCTGCGAGCA
TGAGACCCTTGAAGTGCATCCCTGCGAGCA
TGAGACCCTTGAAGTGCATCCCTGCGAGCA

TAGTGCGGAAAGGCGGAAGATAACTGAGCA
TAGTGCGGAAAGGCGGAAGATAACTGAGCA
TAGTGCGGAAAGGCGGAAGATAACTGAGCA

TGCTGCTGAGACGCCACGGAGGGCTGGGGA
TGCTGCTGAGACGCCACGGAGGGCTGGGGA
TGCTGCTGAGACGCCACGGAGGGCTGGGGA

CCCGCGGCCCGCGCAGCTGCCTAGGATGTT
CCCGCGGCCCGCGCAGCTGCCTAGGATGTT
CCCGCGGCCCGCGCAGCTGCCTAGGATGTT

ATTTGGGGCAGGAAATACTTTGTAACTTTG
ATTTGGGGCAGGAAATACTTTGTAACTTTG
ATTTGGGGCAGGAAATACTTTGTAACTTTG

GGGTTCTGCGTGTCCCTTCCCAGCGCTGCT
GGGTTCTGCGTGTCCCTTCCCAGCGCTGCT
GGGTTCTGCGTGTCCCTTCCCAGCGCTGCT

TTAAAGAATAAGCTGTCGTT
TTAAAGAATAAGCTGTCGTT
TTAAAGAATAAGCTGTCGTTACAGTATTGC

N G G -L

ATGGTGGCCTATGATCCCGATGAGAGAATC
ATGGTGGCCTATGATCCCGATGAGAGAATC
ATGGTGGCCTATGATCCCGATGAGAGAATC

ARGAGGAGGACCGTCCCAAGAGACGAGGAC
ARGAGGAGGACCGTCCCAAGAGACGAGGAC
ARGAGGAGGACCGTCCCAAGAGACGAGGAC

ACTCCAGCCCCACGCTGCAGTCCGTGCTTG
ACTCCAGCCCCACGCTGCAGTCCGTGCTTG
ACTCCAGCCCCACGCTGCAGTCCGTGCTTG

AGAAGACAGATCCGCAGAAGGACCTTAAGC
AGAAGACAGATCCGCAGAAGGACCTTAAGC
AGAAGACAGATCCGCAGAAGGACCTTAAGC

GCACCGTCGTCTCGACTTCGGAGGCAACAC
GCACCGTCGTCTCGACTTCGGAGGCAACAC
GCACCGTCGTCTCGACTTCGGAGGCAACAC

TGCGCCTGCGTCCGTTTCGCGCTGGCCGGG
TGCGCCTGCGTCCGTTTCGCGCTGGCCGGG
TGCGCCTGCGTCCGTTTCGCGCTGGCCGGG

CTGGGCTAATATACTTGTAAAACCACCGCA
CTGGGCTAATATACTTGTAAAACCACCGCA
CTGGGCTAATATACTTGTAAAACCACCGCA

TATATGAATCAAAACAAACGAGCAGGCATT
TATATGAATCAAAACAAACGAGCAGGCATT
TATATGAATCAAAACAAACGAGCAGGCATT

GGTCAGTCGTGGAGCGCCATCATGTCTTAC
GGTCAGTCGTGGAGCGCCATCATGTCTTAC
GGTCAGTCGTGGAGCGCCATCATGTCTTAC

AAARAA
AAAAAA
AAAAAA

GCCGCCCACCAGGCCCTGCAGCACCCCTAC
GCCGCCCACCAGGCCCTGCAGCACCCCTAC
GCCGCCCACCAGGCCCTGCAGCACCCCTAC

CGGCCTATGTCATGGAACTGCCCAAACTAA
CGGCCTATGTCATGGAACTGCCCAAACTAA
CGGCCTATGTCATGGAACTGCCCAAACTAA

GATCTGGAACAAATGGAAGAGTGCCGGTGC
GATCTGGAACAAATGGAAGAGTGCCGGTGC
GATCTGGAACAAATGGAAGAGTGCCGGTGC

CTGCCCCGCAGCAGTGTCGCCTGCCCACCA
CTGCCCCGCAGCAGTGTCGCCTGCCCACCA
CTGCCCECGCAGCAGTGTCGCCTGCCCACCA

CAAGCCCGACCGGGCCAGGCCTGGGTGATC
CAAGCCCGACCGGGCCAGGCCTGGGTGATC
CAAGCCCGACCGGGCCAGGCCTGGGTGATC

GCTCTGGGTGCTGCCCTGCGCCCTGCCGCA
GCTCTGGGTGCTGCCCTGCGCCCTGCCGCA
GCTCTGGGTGCTGCCCTGCGCCCTGCCGCA

TTCTAGGGTTTTCTTTCATTTTCGTTAAGA
TTCTAGGGTTTTCTTTCATTTTCGTTAAGA
TTCTAGGGTTTTCTTTCATTTTCGTTAAGA

TCTGTGATGTGTTGGGCGTGGTTGGAAGGT
TCTGTGATGTGTTGGGCGTGGTTGGAAGGT
TCTGTGATGTGTTGGGCGTGGTTGGAAGGT

CAGTGACGCTGCTGACACCCCTGACTTTTA
CAGTGACGCTGCTGACACCCCTGACTTTTA
CAGTGACGCTGCTGACACCCCTGACTTTTA

20
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552
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659

642
692
749

732
782
839

822
872
929

912
962
1019

1002
1052
1109

1092
1142
1199

1118
1168
1235



B. Gaugler et al.: A gene encoding a renal carcinoma antigen recognized by CTL 327

- Fig. 7 Lysis by CTL 263/17 of
Stimulator cells HLA-B7+ cells pulsed with wy SPOSNAIRNT
LE9211-RCC RAGEZXencoded peptide 2 %0
SPSSNRIRNT. Chromium-la- 2 40
cos belled HLA-B#EBV-trans- 5 w0
formed lymphoblastoid cells [
COS + HLA-B7 + RAGE-1 (LB23-EBV) were pulsed 30 min ~
with the indicated peptide at var- e
COS + HLA-B7 + RAGE-2 ious concentrations before addi- 61 1 1 100 1bo 10000
tion of CTL 263/17 at an effector/ Peptide concentration (M)
COS + HLA-B7 + RAGE-3 target ratio of 10. Similar results
were obtained with CTL clone
COS + HLA-B7 + RAGE-4 | _ pshipred

T T T T
0 20 40 60 80 100 120

TNF rel d by CTL 263/17 (pg/mi . . .
released by (Pg/m) A schematic alignment of the four cDNASs is shown on

Fig. 6 Transfection of thdRAGE1, 2, 3and4 cDNAs into COS cells. Figure 4. The three new cDNA sequences all have an
The RAGECDNAs were transfected into COS-7 cells together with thmsertion of 37 bp at position 249 dRAGE1 For the
Hf'-ﬁ;fchNA- CTL ZdG%LZI YV?S agdfﬂ after 2L4Eg ;{lld It?hcecprcoeflillslcti;%AGEz cDNA, comparison with the cosmid sequence
0 was measure ater. Autologous - Wedicated that this insertion corresponds to the beginning
used as control stimulator cells of an exon. Therefore its absence in tRAGE1cDNA
might result from the use of an alternative downstream
cDNA 9H3, we performed anchored-PCR amplification cdcceptor site. In additionRAGE2, 3 and 4 differ from
cDNA from LE9211-RCC (Frohman et al. 1988), and thiRAGEL1 in lacking a nucleotide at position 192 RAGE1
extended the sequence by 183 bp at therl (Fig. 4). No (Fig. 5). These changes significantly modify the limits of
additional ORF was generated by the addition of thibe ORFs o0RAGE2, 3and4 that are homologous to ORF 2
sequence, which contained termination codons in eaghd 3 of RAGEL In addition,RAGE3has another insertion
reading frame, making it unlikely that an ORF had beesf 47 bp at the 5end. Except for these differences, the
overlooked because of missing nucleotides at therlsdl. RAGEL, 2 and3 sequences are identical.
The 5 untranslated (UT) sequence contained a stretch of RAGE4is about 800 bases longer than the otR&GE
107 bp (positions —128 to —22) showing 86% identity witbDNAs. Its 5 sequence is identical to that AGE2 but
the BUT region of the cytochrome b5 cDNA (Li et al.from position 434 to the poly-A tail th@AGE4sequence
1995). A related sequence is also present on the anti-sediiers totally from the otheRAGEcDNAs. This unrelated
strand of two human endogenous defective retrovirussgguence was also found at theedd of theRAGE gene
probably due to recombination with human genomic sehich had been isolated from the cosmid library. Therefore,
quences (Hirose et al. 1993; Mager and Freeman 1987)the RAGE4cDNA appears to result from differential splic-
ing of theRAGE2gene. On the basis of the present data, we
cannot exclude that tHRAGE3cDNA also derives from the
same gene by alternative splicing.
Other cDNA clones related to RAGE To determine whether tiRAGE-2, 3and4 cDNAs also
encode antigen LE9211-A, we transfected them into COS-7
To obtain other cDNA clones related ®AGE1 120000 cells together with th&lLA-B7 cDNA. They did not confer
clones of the LE9211-RCC cDNA library were hybridizedecognition by CTL 263/17 (Fig. 6). As the 37 bp insertion
with the RAGE1cDNA. We obtained seven other cDNApresent inRAGE2, 3 and4 caused premature termination
clones carrying three new homologous sequences which gfehe second ORF dRAGE1(Fig. 4), this result suggested
calledRAGEZ2, 3and4. We also screened a genomic libraryhat the antigenic peptide recognized by CTL 263/17
of LE9211-RCC and we isolated a cosmid containing derived from the C-terminal part of the protein encoded
sequence that appeared to correspond to part dR&A@E2 by this ORF. In agreement with this prediction, we found
cDNA. that decameric peptide SPSSNRIRNT efficiently sensitized
HLA-B7+ Epstein-Barr virus-B cells to lysis by CTL 263/
17 (Fig. 7).

A

-

Fig. 5 Alignment of the RAGE1, 2 and 3 cDNA sequences. The

amino acid sequence of the protein encode®BYE lis shownabove

the nucleotide sequence. The sequence of the antigenic peptide is

indicated inbold. PrimersTB4, BG16 andBG25used for the analysis ;

of RAGE expression by PCR are indicated hgrizontal arrows A Expression of RAGE

vertical arrow indicates the position at which thRAGE4 cDNA . .
sequence diverges from the ottRAGEsequences. The polyadenyla-We analyzed the expression of tHRAGE messages in
tion signal isunderlined Comparison of th&RAGE3cDNA sequence various tissues by RT-PCR using primers common to the

with the genomic sequence indicated that the 10 additional bases atfhgr RAGE cDNAS (Table 1). We found no expression in

3’ end of RAGE3result from the addition of the poly-A tail 10 bases . . . - -
downstream as in the other cDNAs. The nucleotide sequences ofslﬁl\gney and in the other normal tissues, with the exception

four RAGECDNAs are available from EMBL/GenBank/DDBJ underOf retina. A number of tumors of various histological types
accession numbers U46191, U46192, U46193, and U46194 were positive.
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Table 1 Expression oRAGE

by normal and tumoral tissues Normal tissues

Tumors

Histological type

Expression of

Histological type

Number of tumors expressing

RAGE1-4
RAGE1-4 RAGE?
Bone marrow - Tumor samples
Brain - Renal carcinomas 2/57 1/57
Breast - Sarcomas 5/25 3/25
Cerebellum - Bladder tumors superficial 0/29 0/29
; _ Colon - infiltrating 3/37 3/37
?es%égrg)S/SFIQqI'rjPOC':QFf\oGrI]ES-ot:IWF?IiA Heart - Melanomas primary lesions 2/60 2/60
with sense primefB4 and anti- Kidney - metastases 8/177 6/177
sense primeBG16 These prim- Liver - Head and neck tumors 2/50 1/50
ers are located in different exons U9 - Mammary carcinomas 3/128 1/128
and amplify a product of Melanocytes - Prostatic carcinomas 0/22 0/22
193 bases which is not observed Muscle - Colorectal carcinomas 0/48 0/48
: b Ovary - Leukemias 0/19 0/19
when genomic DNA is tested ;
b Expression oRAGE1was Prostate - Lung carcinomas (NSCHC 0/59 0/59
tested by RT-PCR on total RNA Retina * . (SCLO) 0/5 0/5
: : - Skin - Mesotheliomas 1/3 0/3
with sense primefB4 and anti- -
sense primeBG25 These prim- Splenocytes - Brain tumors 0/11 0/11
ers are specific foRAGE1and Stomach - Oesophageal tumors 0/7 o/7
amplify a fragment of 239 bases. ?;stls - Ovarian tumors 0/3 0/3
They are located in different ymocytes - .
exons. Only samples positive Btrlnary bladder - Tumor cell lines
g&%g'ln}zz;?{sselgd \Elttﬁcphr:g Wound healing - Renal carcinomas 8/19 7/19
set of primers Bladder tumors 3/3 3/3
¢ The retina samples were also . Mesotheliomas 11/19 8/19
tested with theRAGE Lspecific Fetal tissu€ds Head and neck tumors 3/7 1/7
primersTB4/BG25and were . Sarcomas 2/8 1/6
found to be positive Brain - Melanomas 11/78 7178
d NSCLCNon-small-cell lung Liver - Colorectal carcinomas 117 117
carcinoma Placenta - Lung carcinomas (NSCHC 0/2 0/2
) . (SCLC) 0/26 0/26
:naSCLCSmaII cell lung carcino Leukemias/Lymphomas 0/11 0/11
. . Brain tumors 0/1 0/1
f -
Fetal tissues derived from fe Gastric tumors 02 0/2

tuses older than 20 weeks

Since onlyRAGElencodes the antigen, we retested thbat at least ORF2 is translated since the antigenic peptide
positive samples with a set of primers that specificallyecognized by CTL 263/17 is encoded by this ORF.
amplify RAGE1(Table 1). Normal retina samples provedHowever, this does not necessarily mean that the ORF2
positive again. The precise retinal cell type that expresga®tein is the only or even the major protein encoded by the
RAGE1could not be defined. RAGE1cDNA. It is not impossible that another protein

In tumors, we found expression &#AGE1in 37% of encoded by ORF3 or ORF5 is the major product of the
renal cell carcinoma lines, but in only one of 57 renal c€RAGE1cDNA. The other members of thRAGE family
carcinoma samples (Table 1). This positive fresh RQO@ay also produce tumor antigens recognized by CTL, as
sample was from the tumor that gave rise to cell lintney are also silent in normal tissues other than retina, and
LE9211-RCCRAGE1was also expressed in some samplegppear to be expressed in a number of tumors. In particular,
of sarcomas, infiltrating bladder carcinomas, and melantve RAGE4cDNA contains a long ORF with a favorable
mas. initiation codon. The 187 amino acid protein encoded by
this ORF is likely to represent the major productoAGE4
It contains several peptide consensus sequences for binding
to different HLA molecules. These peptides could be used
to stimulate lymphocytes from normal individuals in order
Here we report the first identification of an antigen recode generate tumor-specific CTL by primary in vitro immu-
nized by autologous CTL on human renal cell carcinomaization (Celis et al. 1994; van der Bruggen et al. 1994).
This antigen is encoded by a new gene narfRBiGE]L The molecular characterization of tumor antigens opens
which is expressed in a number of tumors but is silent the possibility of new cancer immunotherapy trials involv-
normal adult tissues other than retina. The structure of tiigg immunization with defined antigens. The expression of
RAGE1cDNA is unusual in that it contains several relaRAGEL in retina raises a concern about the safety of
tively small ORFs rather than a major one. It is difficult tammunization procedures based RAGEderived antigens,
predict which of these ORFs is functional. Our data suggesihce autoimmune adverse effects could be generated.

Discussion
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However most intra-ocular tissues including retina do not Iineage-?_?eci_fic almtig?]n gplg(]) E reiﬁggiﬁgfgofgelfgggni-gge‘{ived

r to express MHC class | molecules (Abi-Hanna et gl tumor-infiltrating lymphocytesJ Exp Me —1009,

Eligggil Tﬂeereﬁ‘)ofgsit is (i)ss?k?lse tha? Sgd:rsn(or?wal congit?or%mh’ C. M., Riley, L. B., Bae, V. J., Salmeron, M. A, Platsoucas,

" . ' P 1 . . C. D., von Eschenbach, A., and Itoh, K.: Patterns of human tumor-
the antigenic peptide derived froRAGElis not displayed infiltrating lymphocytes in 120 human canceitch Surg 125:
at the surface of the retinal cells that express the gene. A200-205, 1990
similar situation has been observed for MAGE1 gene, Barker, C. F. and Billingham, R. E. Immunologically privileged sites.
whose expression in normal tissues appears to be restrigtgghd” IMmmunol 251.-54, 1977 .

. . ? egrun, A., Muul, L. M., and Rosenberg, S. A. Interleukin-2
to testicular germ cells which do not express MHC class | expanded tumor-infiltrating lymphocytes in human renal cell can-
molecules (Chomez et al. 1995; Takahashi et al. 1995). In cer: isolation, characterization, and antitumor activ@gncer Res
addition, the eye is an immunologically privileged site, ”‘:rj& 206—'314#_1988\/\/ Kaboo. R.. Tso. CoL. Shau. H.. Turcil

. ; ; ; egrun, A., Pierce, W., Kaboo, R., Tso, C.-L., Shau, H., Turcillo,
contaln_lng_a variety of p(_)ten_t ImmunOSUppress.lve agerﬁ% P., Moldawer, N., Golub, S., deKernion, J., and Figlin, R. Inter-
protecting it from destructive inflammatory reactions (Bar- ferong primed tumor-infiltrating lymphocytes combined  with
ker and Billingham 1977; Streilein 1995). That this immune interleukin-2 and interferon as therapy for metastatic renal cell
protection might suffice to prevent ocular autoimmunité carcinoma.J Urol 150: 1384-1390, 1993

after immunization against the RAGE-1 antigens is su Qéc’oFJﬁengrE%Z?’ ?,asne()jn\s/iein'vg;'iBrBur;;:ﬁulg E'A gsngur:gwt;é
gested by the observation of patients who were injected encodi7ng ’an anti,ger; recognized on human'melanomés by cytolytic

with TIL di(ected qgainst melanoma differentiation e}nti— T lymphocytesimmunity 2:167—175, 1995
gens. Notwithstanding the presence of melanocytes in tB@on, T., Cerottini, J.-C., Van den Eynde, B., van der Bruggen, P., and
retinal choroid, no ophthalmic toxicity was observed, even Van Pel, A. Tumor antigens recognized by T lymphocytésnu

: . ev Immunol 12337-365, 1994
though tumor responses were observed in some patients gg{ﬁh T.. Van Snick, J.. Van Pel, A., Uyttenhove, C., and Marchand, M.

even though some patients developed autoimmune re-jmmunogenic variants obtained by mutagenesis of mouse masto-
sponses against cutaneous melanocytes resulting in vitiligocytoma P815. II. T lymphocyte-mediated cytolysi€xp Med 152:
(Kawakami et al. 1994). If these early clinical observations 1184-1193, 1980 . _

are to be confirmed, immunization of selected cancBfichard, V., Van Pel, A, WWel, T., Wolfel, C., De Plaen, E., Lethe

. . . . . B., Coulie, P., and Boon, T. The tyrosinase gene codes for an
patients againsRAGEderived antigens could be consid- antigen recognized by autologous cytolytic T lymphocytes on

ered. HLA-A2 melanomasJ Exp Med 178489-495, 1993

Specific cancer immunotherapy using defined antigeBsouwenstijn, N., Gaugler, B., Kae, K. M., Van der Spek, C. W.,,
may involve 2 variely of modales, ncluding vaccines. HUSS! B D% 5. BB B 3 40 SO
containing peptldes or protem;. These m_odalltles_are pre'peripheral blood lymphocytes and tumor infiltrating lymphocytes.
sently tested in melanoma witMAGE-derived antigens  |nt J Cancerin press
(Marchand et al. 1995). AlthoughlLA-B7 is present in Celis, E., Tsai, V., Crimi, C., DeMars, R., Wentworth, P. A., Chesnut,
about 22% of Caucasians, the RAGE-1.B7 antigen will not E-mV(\)/-rv g/rt?t/é)':é '\4-];;;35& Qfeini?m Sn%frfr% :*hl';/'n-q;';dldgir?; grfi rﬁf;tr'y
alow Imimurization of & SKIMICart nUmber of ROC P Sikyes nd St e copeao o s S Vo
RAGE1in kidney tumor samples. Howeve®AGElis more Chomez, P., Williams, R., De Backer, O., Boon, T., and Verinsti®.
frequently expressed in sarcomas, bladder tumors, andThe SMAGEgene family is expressed in post-meiotic spermatids

melanomas, andRAGEtbased vaccines may therefore during mouse germ cell differentiationlmmunogenetics 43:

. 97-100, 1995
prove useful for the treatment of a limited number of e P. G Brichard. V. Van Pel. A. Wel T. Schneider. J.
patients bearing tumors of these types. Traversari, C., Mattei, S., De Plaen, E., Lurquin, C., Szikora, J.-P.,

Renauld, J.-C., and Boon, T. A new gene coding for a differentia-
tion antigen recognized by autologous cytolytic T lymphocytes on
HLA-A2 melanomasJ Exp Med 18035-42, 1994

ulie, P. G., Lehmann, F., Lethé8., Herman, J., Lurquin, C.,
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