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Abstract

It has recently been shown that tumor-associated antigens (TAAs) can
evoke tumor-specific T-cell-defined immune responses in cancer patients,

thereby offering the possibility of treating patients with such antigens. To
develop T-cell-based immunotherapeutic approaches for renal cell carci

noma (RCC), we studied the mRNA expression profile of the TAAs
RAGE-1, tyrosinase, MAGE-1, MAGE-2, NY-ESO-1, Melan-A/MART-1,
glycoprotein (gp) 75, gplOO, ÃŸ-catenin,FRAME, and MUM-1 in 14 human

RCC cell lines and in tissue specimens of 37 primary RCCs, 2 related
mÃ©tastases,and 33 specimens of normal renal epithelium. Reverse Iran-
scription-PCR was performed with TAA-reactive primers, and the spec

ificity of the PCR products was confirmed by Southern blot and/or direct
sequencing. FRAME (10 of 14 cell lines), RAGE-1 (7 of 14 cell lines), and

gp75 (4 of 14 cell lines) antigens were expressed in a high percentage of
RCC cell lines, although the level of TAA expression varied among the
different RCC cell lines. However, low levels of TAA expression in RCC
cells are sufficient for recognition by TAA-specific CTLs. Transcription of
tyrosinase, Melan-A/MART-1, MAGE-1, MAGE-2, NY-ESO-1, gplOO,
ÃŸ-catenin, and MUM-1 was not detected in any RCC cell line. Approxi

mately 50% of surgically removed neoplasias expressed at least one TAA.
RAGE-1 mRNA expression was found in 8 of 39 (21%) RCC samples,

FRAME mRNA expression was found in 15 of 39 (40%) RCC samples,
and gp75 mRNA expression was found in 4 of 39 (11%) RCC samples, but
the expression levels of these TAAs were heterogeneous in the different
RCC lesions. One RCC specimen expressed MAGE-2, whereas transcrip
tion was not detected in any RCC specimen for MAGE-1, NY-ESO-1,
tyrosinase, Melan-A/MART-1, gplOO, ÃŸ-catenin, and MUM-1. The nor

mal kidney epithelium samples were negative for any TAA tested. Thus,
RAGE-1, FRAME, and gp75 expression is found with a different fre

quency in surgically removed lesions and in RCC cell lines, suggesting that
a subgroup of RCC patients could be selected for immunotherapeutic
strategies that may benefit from immunization against the RAGE-1, gp75,
and/or FRAME antigens. However, additional targets for T-cell-based

immunotherapy of RCC have yet to be identified.

Introduction

In recent years, a number of TAAs3 recognized by CTLs in the

context of appropriate MHC class I molecules have been character
ized, giving new impetus to the treatment of patients with immuno
therapy (1,2). Thus far, three main categories of CTL-defined deter-
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minants exist (1, 3): (a) differentiation-specific antigens that are

expressed only in melanoma and in normal melanocytes, such as
tyrosinase (4, 5), Melan-A/MART-1 (6), gp75 (7), and gplOO (8); (b)

cancer/testis antigens, such as the MAGE gene family, BAGE,
GAGE, and NY-ESO-1, which are expressed in a significant propor

tion of tumors of distinct histolÃ³gica! origin but are silent in normal
adult tissue, except in the testis (9-14); and (c) antigens caused by

point mutations of ubiquitously expressed genes that are present in a
variety of individual tumors (15-17). Due to their expression pattern
in cancers and the existence of antigen-mediated autoimmunity, TAAs
represent attractive targets for antigen-specific immune responses.
Indeed, a number of melanoma-associated antigens are currently

being tested in clinical trials for the treatment of metastatic melanoma
(18-20). Immunization with peptides derived from gplOO, Melan-A/
MART-1, and tyrosinase-induced delayed-type hypersensitivity reac
tions, peptide-specific CTL responses, and, in some cases, objective

tumor regressions (19, 20).
RCC represents the most common malignancy of the kidney. The

morphological classification according to Thoenes et al. (21), which
was confirmed by cytogenetic analysis (22), distinguishes between
clear cell RCC and chromophilic/papillary RCC, both of which orig
inate from the proximal tubulus, and chromophobe RCC, which
originates from the distal tubulus. In contrast to chromophobe tumors,
clear cell RCC and chromophilic/papillary RCC possess a high met
astatic potential, and the prognosis of RCC patients in these subgroups
is very poor. Until now, the benefit of conventional therapies, such as
surgical, radiological, or chemotherapeutic approaches, has been quite
limited. Due to a remarkable spontaneous regression rate, the exist
ence of lymphocytic infiltrates, and some objective remission in
clinical trials with immune response modifiers, RCC seems to repre
sent an attractive target for immunotherapeutic strategies using TAAs
(2, 23, 24).

The main prerequisites for the successful implementation of TAAs
are: (a) adequate expression of the target antigen(s) in tumor lesions;
(b) a tumor antigen concentration adequate for efficient CTL recog
nition; and (c) conservation of the MHC class I restriction element(s)
throughout tumor progression (25-27). The absence or low expression

of these genes can abrogate or lead to poor immune responses (28).
Therefore, it is of interest to evaluate the expression pattern of TAAs
in human tumors (29, 30). To gain insight into the suitability of
TAA-based immunotherapy for RCC patients, it is essential to eval

uate the abundance of TAA expression in an appropriate number of
RCC cell lines and tumor specimens of RCC. Here we determine the
expression of MAGE-1, MAGE-2, NY-ESO-1, tyrosinase, Melan-A/
MART-1, gp75, gplOO, MUM-1, ÃŸ-catenin,RAGE-1, and FRAME in

samples of primary RCC, mÃ©tastases,and normal kidney epithelium.
Data from studies like this one will be mandatory to estimate the
potential of specific RCC immunotherapy.
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Table 1 Primer sequences used for PCR analyses

Tumor antigen" Primers from 5' to 3'*
Annealing

temperature Method
Ref.
no. Oligonucleotide used for hybridization

MAGE-1

MAGE-2

RAGE-1

FRAME

NY-ESO-I

Tyrosinase

Melan-A/MART-l

gplOO

gp75

(3-catenin

MUM-1 wt

mut

f CAGAGGAGTCTGCACTGCAA
b AGCAGGCCATCATAGGAGAG
f AAGTAGGACCCGAGGCACTG
b GAAGAGGAAGAAGCGGTCTG
f GTGTCTCCTTCGTCTCTACTA
b GGTATTCCTGATCCTGTT
f GTCCTGAGGCCAGCCTAAGT
b GGAGAGGAGGAGTCTACGCA
f CTGACCTTCTCTCTGAGAGC
b CGTCGTCAGTCAGCCTATCA
f GGATAGCGGATGCCTCTCAAAG
b CCCAAGGAGCCATGACCAGAT
f ATCATGCATTGCAACATTTATTGATGGAG
b CTGACCCTACAAGATGCCAAGAG
f GACATTGTCCGTGAGTCTTG
b CCTGGAAGAAGTGTCAGCAT
f GTGATATCTGCACGGATGAC
b ACTGCATCTGTGAAGGTGTG
f AAGGTCTGAGGAGCAGCTTC
b TGGACCATAACTGCAGCCTT

f CCTCTCCCTAGAGGAAAAGTTAAT
f CCTCTCCCTAGAGGAAAAGTTAAG
b GCCGCCTGGTCATCAGTTATT

54Â°C One-step RT-PCR

64Â°C One-step RT-PCR

57Â°C Classical RT-PCR

54Â°C One-step RT-PCR

59Â°C One-step RT-PCR

65Â°C One-step RT-PCR

60Â°C One-step RT-PCR

52Â°C One-step RT-PCR

52Â°C One-step RT-PCR

10

34

35

36

4

37

g

38

39

53Â°C RT-PCR followed by digestion with Xrnal 14

52Â°C RT-PCR using mutation-specific primers 15

TCCCACTACCATCAACTTCACTCGACAGAG

AGAGTCATCATGCCTCTTGAGCAGAGGAGT

GGGTAGCAAGAGAGGCTGGAG

GAAGAACTCTCATCAGGACTTCTGGACTGT

GCCTGCTTGAGTTCTACCTCGCCATGCCTT

GGCACCGTCCTCTTCAAGAAGTTTATCCAG

TCATCGGCTGTTGGTATTGTAGAAGACGAA

ATTACTCACCTAGATAGGAAGAATACC

CTGAACCACAGGATGTCGCTCAGTGCT

GATGGACAGTATGCAATGACTCGAGCTCAG

CTGAAGATCCAAACGAGGCATTCTGTG

' wt. wild type; mut. mutated.
'The sequences of the different primers were derived from the published sequences using the Primer Designer Program (Version 2.01; Scientific & Educational Software).

f. forward; b. backward.

Table 2 TAA mRNA expression in various RCC cell lines
Total cellular RNA was subjected to RT-PCR analyses using the respective TAA-

specific primers as described in "Materials and Methods." K562 cells served as a positive

control for FRAME expression, and LE921IRC served as a positive control for RAGE-1
mRNA expression. Cytolytic activity of anli-RAGE CTLs on autologous (LE92I IRC)
and allogeneic HLA-B7. RAGE mRNA-positive RCC cell lines was analyzed by 51Cr
release assay as described previously (36, 37). Lysis of PRAME-positive RCC cell lines
could not be performed because the anti-PRAME CTLs were HLA-A24-restricted.

CelllinesMZI257RCMZI85IRCMZI940RCMZI973RCMZ1774RCMZ1795RCLE8915RCLE9001RCLE9003RCLE9004RCLE9104RCLE921IRCNW32RCNW2514RCHLAphenotypeA2.

A3. B7. B44. CW5.CW7Al,
A2. B7, B44.CW7Al,
A23. B37. B50,CW6All.

A30. B13, B18, CW5.CW6Al,
A2, B8. B40, CW7,CWIOA3.
A29, B7,CW7Al,
B37.CW6AI.
B13, B37.CW6NDAl,

A2. B757,CW7A2.
B7. B44.CW5A3,
Al 1, B7, B35. CW4.CW7Al.
B51. BW4,CW2Al.
A2. B7. B37. CW6. CW7RAGE-1"CTLExpression

lysis+

+-t-
+-
-+
ND*-1-
ND+NDNDNDNDâ€”

-+
++
ND+

NDFRAME

expression_â€”+-â€”++++++â€”++

" +. specific PCR product detectable/lysis by RAGE-1-specific CTLs; -. no detect
able PCR amplification product/no detectable anti-RAGE CTL mediated lysis.

h ND. not determined.

Materials and Methods

Cell Lines and Tissue Culture. Fourteen cell lines derived from primary
RCCs and designated with the prefix MZ or NW were established by Knuth et
al. (31).4 The RCC cell lines designated with the prefix LE were a kind gift of

Prof. P. Schrier (University Hospital of Leiden, Leiden, the Netherlands). The
HLA phenotype of the different RCC cell lines, as determined by standard
PCR analyses, was kindly provided by E. Hilmes (University Hospital. Mainz,
Germany; Table 2).

The following cell lines were used as positive controls in PCR analyses; (a)
the melanoma cell lines Mel-624, MZ2-Mel (10), and SK29Mel-l (32); (b) the
gastric carcinoma cell line MKN-45: (c) the RCC cell line LE921 IRC (33); (d)
the chronic myelogenous leukemia cell line K562; and (?) the acute T-cell

4 Unpublished observations.

leukemia cell line Jurkat. MKN-45. Jurkat. and K562 cells were obtained from

the American Type Culture Collection (Rockville, MD).
All cell lines were maintained in RPMI 1640 (Biochrom KG, Berlin,

Germany) supplemented with 10% (v/v) PCS (Greiner GmbM Frickenhausen,
Germany). 2 mM L-glutamine. 20 units/ml penicillin, and 200 units/ml strep

tomycin. The cells were harvested by trypsinization and washed with PBS
before RNA extraction.

Patients and Tissue Samples. Representative tissue samples from RCC
tumors and normal epithelial kidney tissue at a site distant from the tumor were
obtained from patients who had undergone radical nephrectomy. In total, 37
primary RCCs. 2 mÃ©tastases,and 33 normal kidney specimens were collected
at resection. Histopathological classification of each tumor was performed
according to the criteria proposed by Thoenes et al. (21). These data, including
gender, stage of disease, tumor invasion, and lymph node involvement accord
ing to the TNM classification system, are listed in Table 3. All tissue samples

A.

ÃŸ-actin â€”

B.

RAGE -

RAGE -

gy o o o o o o
K tt Â£ E 0Â£UÃˆÂ«M̂ ^^i*-

Â«â€¢>*- T- U> Â«O
O> > U> <N 00 <NO> t- ^

Fig. l. Representative RT-PCR analyses of RAGE-1 from RCC cell lines. RT-PCR
analyses were performed as described in "Materials and Methods." For detailed informa
tion on the primers, see Table I. A representative RT-PCR analysis using RAGE-1- and
ÃŸ-actin-specificprimers is shown. A. PCR products visualized on ethidium bromide-
stained agarose gels. Top panel, the ÃŸ-actincontrol: bottom panel, the corresponding
RAGE-1-specific RT-PCR products. B. RAGE-1-specific PCR products visualized after
Southern blotting.
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Table 3 Hislopathological characteristics of RCC patients and TAA expression in tumor lesions

Renal tumor specimens (T) and normal corresponding kidney epithelium (N) from 38 patients were obtained after radical nephrectomy. TNM staging and histopathological
evaluation were performed according to the classification of Thoenes et al. (21) and Jaeger et al. (20). Informed consent was received from all patients. Snap-frozen tissue specimens
were subjected to RT-PCR analyses using TAA-specific primers as described in "Materials and Methods" using K562 as a positive control for FRAME, LE9211 as a positive control

for RAGE-1, Mel-624 as a positive control for MAGE-2, and MZ2-Mel as a positive control for gp75.

Patient no. Sex

Stage

Subtype Grade M TAA expression in tumors

MZ2088TMZ2391
TMZ2413TMZ2482

TMZ2500
TMZ2538
TMZ2572
TMZ2576
TMZ2591
TMZ2644TMZ2269

T/NMZ2291
T/NMZ2293
T/NMZ2328
T/NMZ2400
T/NMZ2427
T/NMZ2472
T/NMZ2478
T/NMZ2531
T/NMZ25I8
T/NMZ2549
T/NMZ2550
T/NMZ2555
T/NMZ2577
T/NMZ2543
T/NMZ2543
TMZ2561
TMZ2171
T/NMZ2556
T/NMZ2256
T/NMZ2278
T/NMZ2485
T/NMZ2496
T/NMZ2285
TMZ2579
TMZ2231
T/NMZ2481
TMZ2288
TMZ2567

T/NMMMMFMMFFMMFFFMMMMMMMMMMMMMMFMFMFMMFFMFClear

cellcarcinomaClear
cellcarcinomaClear
cellcarcinomaClear
cellcarcinomaClear
cellcarcinomaClear
cellarcinomaClear
cellarcinomaClear
cellarcinomaClear
cellarcinomaClear
cellarcinomaClear
cellarcinomaClear
cellarcinomaClear
cellarcinomaClear
cellarcinomaClear
cellcarcinomaClear
cellcarcinomaClear
cellcarcinomaClear
cellcarcinomaClear
cellcarcinomaClear
cellcarcinomaClear
cellcarcinomaClear
cellcarcinomaClear
cellcarcinomaClear
cellcarcinomaClear
cellcarcinomaMetastasisMetastasisChromophobe

carcinomaChromophobe
carcinomaChromophilic
carcinomaChromophilic
carcinomaChromophilic
carcinomaChromophilic
carcinomaChromophilic
carcinomaChromophilic
carcinomaMixed
carcinomaMixed
carcinomaNonclassifiedNonclassified2222223222-3233321323222322ND"232X23212223a3b3h1223a3222223h212223223a22ND"23a2X22223xX23aXXX0XX20XXXXX1XXXXX0X00XXND"XX0XXXXX0X2XXXXXXXXXXXXXXXXXXXXXX00XXND"RAGE

andFRAMEFRAMERAGE

andFRAMENegativeFRAMENegativeMAGE-2,

RAGE,FRAMENegativeNegativeNegativegp75

andFRAMENegativeFRAMENegativeNegativeNegativeNegativeFRAMENegativeNegativeNegativeFRAMEgp75NegativeNegativeNegativeRAGERAGEFRAMEand

FRAMERAGE

andFRAMEXRAGENegativegp75,

RAGE,andNegativeNegativeFRAMEFRAMEgp75

and FRAMEFRAME
' ND. not determined.

were immediately frozen in liquid nitrogen after surgical resection and stored
at -70Â°C until RNA extraction.

RT-PCR Analysis and Sequencing. Total cellular RNA was extracted by

the guanidinium isothiocyanate/cesium chloride procedure, as described pre
viously (31). All oligonucleotides used for PCR amplification and sequence
analysis were generated using the Primer Designer program (Version 2.01;
Scientific & Educational Software), synthesized by the triester method, and
purchased from MWG Biotech GmbM (Ebersberg, Germany). The TAA-

specific nucleotide primers and the PCR conditions used are listed in Table 1.
For the classical RT-PCR analysis, 1 /j.g of RNA was reverse-transcribed to

cDNA with 10 units of avian myeloblastosis virus reverse transcriptase (United
States Biochemicals, Bad Homburg, Germany) in the presence of 40 units of
RNasin (Boehringer Mannheim, Mannheim, Germany), 2 jxl of hexanucleotide
mix [0.5 M Tris-HCl (pH 7.2), 0. l M MgCl2, l min DTT, 2 mg/ml BSA, 62.5

units/ml random primer; Boehringer Mannheim], 10 mM DTT, and 250 JAMof
each deoxynucleotide triphosphate (Boehringer Mannheim) in 20 Â¿tlof 1X RT
buffer [250 mM Tris-HCl (pH 8.3), 40 mM MgCl2, 250 mM NaCl, and 5 mM

DTT (USB)], as described previously (34). For PCR amplifications, 100 ng of
reverse-transcribed cDNA was used as a template in 50 Â¿ilof 1x PCR buffer
[20 mM Tris-HCl, 2.5 mM MgCU, and 50 mM KC1 (pH 8.3; Boehringer

Mannheim)], 50 pmol of each specific oligonucleotide primer, 250 Â¿IMof each
deoxynucleotide triphosphate, and 1.5 units of Taq DNA polymerase (Boeh
ringer Mannheim). Amplifications were performed with a hot start of 5 min at
94Â°C,and the PCR was terminated with an end extension for 10 min at 72Â°C.

Primers for the housekeeping gene ÃŸ-actinwere used as a control for the

amplifiability of the RNA used.
One-step PCR was performed using the Titan kit (One Tube RT-PCR

System; Boehringer Mannheim) according to the manufacturer's instructions,

ÃŸ-actin-and TAA-specific PCR was performed in the same reaction using the
following conditions: 10 cycles of 20 s at 94Â°C, 30 s at the annealing
temperature, and 1 min at 68Â°Cfollowed by 25 cycles of 1 min at 94Â°C,1 min

at the annealing temperature, and 1 min at 68Â°Cwith a cycle elongation of 5 s

for each cycle.
The PCR products were fractionated by size and visualized on a 1% agarose

gel containing ethidium bromide. To confirm specificity, the gels were blotted
onto Hybond-N membranes (Amersham, Braunschweig, Germany), and filters
were then processed with digoxigenin-labeled oligonucleotides using the

digoxigenin chemiluminescence detection kit (Boehringer Mannheim) and
exposed to Reflection autoradiography film (New England Nuclear Life Sci
ence Products, Cologne, Germany). Samples were tested at least twice. In
addition, the PCR products of tumor samples expressing gp75 and/or MAGE-2

were directly sequenced as described previously (35).
Cytotoxicity Assays. The sensitivity of target cells to lysis by the HLA-

B7-restricted anti-RAGE-1 CTLs was evaluated by a standard 4-h 51Cr release

assay (36, 37).

Results

Expression of RAGE-1, FRAME, and gp75 in RCC Cell Lines.

Fourteen cell lines derived from primary RCCs were analyzed for the
mRNA expression of tyrosinase, MAGE-1, MAGE-2, Melan-A/
MART-1, gp75, gplOO, NY-ESO-1, /3-catenin, FRAME, RAGE-1,
and MUM-1. As shown in Table 2, a high percentage of RCC cell
lines express RAGE-1 (7 of 14 cell lines) and FRAME (10 of 14 cell
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Fig. 2. Representative RT-PCR analyses of FRAME and gp75 from surgically removed tumor lesions. RT-PCR analyses were performed as described in "Materials and Methods."

For detailed information on the primers, see Table 1. A representative RT-PCR analysis using FRAME and gp75 together with /3-actin. which served as internal control, is shown. A.
the agarose gel; B, the TAA-specific amplification products visualized after Southern blotting. Number*. RCC samples shown in Table 3.

lines) mRNA. In addition, mRNA expression of the melanocyte
differentiation-specific antigen gp75 was found in four RCC cell lines

(MZ1257RC, MZ1940RC, LE91.04RC, and MZ1973RC). This un
expected result was confirmed by direct sequencing of the gp75-

specific PCR product. Six of 14 (43%) RCC cell lines expressed two
of the three following antigens: (a) RAGE-1; (b) FRAME; or (c)

gp75. MZ1973RC cells simultaneously expressed all three of these
antigens (Table 2). In contrast, MAGE-1, NY-ESO-1, Melan-A/
MART-1, tyrosinase, ÃŸ-catenin, gplOO, and MUM-1 were not ex

pressed in any of the RCC cell lines tested.
Furthermore, the expression levels of TAAs differed among the

RCC cell lines. A representative RT-PCR is shown for RAGE-1,
demonstrating a low and variable expression of RAGE-1 in four of the

eight RCC cell lines tested (Fig. 1). To evaluate whether such low
levels of TAA expression are immunologically significant, the lysis of
RAGE-1-expressing RCC cell lines was analyzed using HLA-B7-
restricted RAGE-1-specific CTLs (36). HLA-B7+ RAGE-1-positive
RCC cell lines were sensitive to lysis by anti-RAGE CTLs, whereas
HLA-B7+ RAGE-negative RCC cells were not recognized by these

CTLs (Table 2).
Expression of TAAs in Surgically Removed RCC Lesions. The

results and the clinical and pathological features of the cases studied
are summarized in Table 3. Based on the immunohistogenetic classi
fication according to Thoenes et al. (21) and StÃ¶rkelet al. (22), 39
surgically removed RCCs have been characterized as 25 primary clear
cell RCCs, 2 mÃ©tastases,2 chromophobe RCCs, 6 chromophilic/
papillary RCCs, 2 mixed RCCs, and 2 nonclassified RCCs. Samples
of corresponding (23 samples) and unrelated (10 samples) normal
kidney epithelium served as controls. These tissue samples were
analyzed for mRNA expression of the different T-cell-defmed TAAs.

As shown in Table 3, more than 50% of primary RCCs expressed at
least 1 TAA, 5 of 39 RCC lesions simultaneously expressed 2 TAAs,
and 2 of 39 RCCs expressed 3 TAAs. RAGE-1 mRNA was expressed

in 8 of 39 (21%) RCC specimens, and FRAME mRNA was expressed
in 15 of 39 (40%) RCC specimens. MAGE-2 expression was only

found in one RCC lesion (MZ2572T), which also expressed the
antigens RAGE-1 and FRAME. Expression of the gp75 antigen was
detected in 4 of 39 (11%) RCCs. False positive RT-PCR results could

be excluded by direct sequencing of the gp75 PCR amplification
products. FRAME, RAGE-1, MAGE-2, and gp75 were not expressed

in any of the matched and nonmatched control samples of normal
renal tissue. Furthermore, none of the tumors or normal kidney
epithelium expressed MAGE-1, tyrosinase, Melan-A/M ART-1,
gplOO, ÃŸ-catenin,and MUM-1 (Table 3). A distinct TAA expression

profile as well as heterogeneous levels of TAA mRNA expression are

found in RCC lesions. This is shown for PRAME and gp75 in selected
tumor specimens (Fig. 2). In all cases, the level of PRAME and gp75
expression was significantly higher than that of RAGE-1.

A comparison of TAA expression from primary clear cell RCC,
chromophobe RCC, and chromophilic/papillary RCC demonstrated
that both RAGE-1 and PRAME were often expressed in kidney

tumors of distinct histology. In particular, chromophilic/papillary
RCC and chromophobe RCC predominantly expressed RAGE-1,

whereas PRAME expression seemed to be more pronounced in clear
cell carcinoma. The data suggest a correlation between TAA expres
sion and, morphological subtypes. No significant association was
found between TAA expression and TNM staging or tumor grade
(Table 3).

Discussion

With the exception of RAGE-1 and NY-ESO-1, the T-cell-defmed

TAAs analyzed in this study have been isolated from human mela
noma cell lines (1, 2). In contrast to the differentiation-specific anti
gens tyrosinase, Melan-A/MART-1, gplOO, and gp75 (40). the cancer/
testis antigens PRAME, RAGE-1, NY-ESO-1, and MAGE as well as
antigens caused by point mutations (MUM-1, ÃŸ-catenin) are ex

pressed in tumors of distinct histology including various carcinomas
and sarcomas as well as lymphocytic leukemias (14, 41-44). Little

information was available on the expression of these TAAs in RCC.
The present study demonstrates that individual TAAs were expressed
both in surgically removed primary lesions and in RCC cell lines. A
heterogeneous expression pattern of the PRAME, gp75, and RAGE-1

antigens was detected in a subset of RCCs, but in all cases, the
expression of PRAME and gp75 was more pronounced compared
with that of RAGE-1. In addition, the level and incidence of PRAME,
gp75, and RAGE-1 expression were higher in RCC cell lines than they
were in fresh tumors. For example, RAGE-1 transcription is present in

>50% of RCC cell lines and in approximately 20% of the RCC
tumors analyzed, and RAGE-1 mRNA expression is more pronounced

in cell lines than it is in tumor lesions. The discrepancy in TAA
expression observed between RCC cell lines and freshly isolated
tumor specimens has not yet been classified. It could be due to clonal
selection or a rapid turn-over or short half-life of TAA-specific
mRNA in surgical specimens. Preliminary data using a RAGE-1-
specific polyclonal antibody revealed RAGE-1 protein expression in
RT-PCR-positive tumors, thereby arguing for clonal selection during
the tissue culture of RCC.5 In addition, these first results of RAGE-1

s B. Seliger, personal communication.
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protein expression in RCC lesions demonstrate that the immunohis-
tochemical data perfectly matched the RT-PCR results for RAGE-1

expression. A comparison of mRNA and protein expression of the
antigens gplOO and Melan-A/MART-1 in melanoma revealed similar

results (45).
The frequency of RAGE-1-expressing RCCs described here is in

contrast to the findings of Gaugler et al. (36), who reported only 1
RAGE-1-positive RCC specimen of 57 tumor samples. This discrep
ancy could be explained by differences in sensitivity of the RT-PCR

conditions, e.g., a different primer set and Southern blotting, which
was able to detect very low levels of RAGE-1 transcription in RCC

tumors.
Expression of the melanoma-associated antigens FRAME and gp75

was detected in a relatively high percentage of RCCs. The latter
antigen is of particular interest, because gp75 expression has mainly
been found in melanoma lesions or melanocytes and was found very
recently in normal brain tissue and glioblastoma multiforme (46).
However, the role and function of gp75 expression in RCC have yet
to be defined. It is noteworthy that MAGE-2 expression has been

found in 1 of 39 RCC tumor specimens, but not in any RCC cell line
analyzed. These overall results indicate that RCCs may exhibit a more
frequent expression of FRAME and RAGE-1 than do other tumors,

whereas MAGE is rarely expressed in RCC but is detected in a high
percentage of other carcinomas and sarcomas (41, 43, 44). However,
RT-PCR analysis does not provide information about the distributions

of the analyzed antigens in the lesions. Because no appropriate anti
bodies are available, it will be useful to develop the respective
TAA-specific antibodies, which could then be used for immunohis-

tochemical staining of lesions.
The relationship of clinicopathological parameters and the expres

sion of these TAAs have been analyzed in melanomas and some
carcinomas (43, 44). The frequency of MAGE expression was shown
to be higher in metastatic lesions than it was in primary tumors. For
RAGE-1 and gp75, no such analysis has been documented (36),

whereas FRAME seemed to be associated with partial HLA loss (38),
which often correlates with the expression of a metastatic phenotype
(26). Our data demonstrate no correlation between the expression of
FRAME, gp75, and RAGE-1 and clinicopathological factors, includ

ing tumor invasion, lymph node metastasis, or disease stage (Table 3).
However, the expression of these TAAs is shared by different subsets
of RCC. The FRAME gene was found to be more frequently expressed
in clear cell RCC and chromophilic/papillary RCC than it was in
chromophobe tumors. Because clear cell RCC and chromophilic/
papillary RCC exhibit a significant tendency to metastasize (21, 22),
the expression of FRAME in both subtypes of RCC may be related to
the type of biological behavior observed in these kidney tumors. This
hypothesis was further strengthened by the analysis of nine oncocy-
tomas that were also negative for FRAME mRNA.5

An important question for T-cell-based immunothÃ©rapies is
whether low levels of TAA expression are sufficient to induce T-cell
responses. Autologous and allogeneic HLA-B7+ RCC cell lines
expressing minimal levels of RAGE-1 were susceptible to lysis by
anti-RAGE-1 CTLs (Table 2). This is in accordance with a recent

report by Labarriere et al. (47) demonstrating that minimal expression
of the Melan-A/M ART-1 antigen in melanoma is sufficient to induce
significant lysis by different Melan- A/M ART-1 -specific CTL clones.

However, a higher threshold of antigen expression is required for
efficient cytokine release by CTLs. Although antigen density seemed
to constitute the most critical factor for optimal T-cell activation, the

expression of adhesion molecules and costimulatory factors is also
required for an efficient antitumor response (48).

To date, no effective standard treatment for RCC is available, and
the survival times of the patients are very short. It is therefore of

importance to develop new treatment strategies for these patients,
such as immunizations with tumor antigens. Pretreatment monitoring
of tumor lesions for TAA expression may help in selecting patients for
an individually tailored antigen-specific vaccine therapy. Due to the
relatively high frequency of RAGE-1, gp75, and FRAME expression

in RCC lesions, these antigens alone or in combination may represent
possible candidates for the specific immunotherapy of patients with
kidney tumors.
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