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Abstract

Sarcomas are rare but aggressive malignant tumors associated with high mortality, for which the efficacy of 
standard therapies remains limited. In order to develop immunotherapeutic approaches for the treatment of 
sarcoma, we studied the relevance of cancer/testis antigens (CTAs), a group of antigens whose expression is 
developmentally regulated and that is specifically found in some tumor types, as sarcoma vaccine targets. CTA 
expression was assessed by PCR and/or immunohistochemistry (IHC) in sarcoma tumor samples that included 
different histological subtypes and sarcoma cell lines. Expression of HLA class I was assessed by IHC in tumor 
samples and by FACS® analysis in cell lines. More than 70% of the tumor samples expressed at least one CTA. 
The majority of tumors and cell lines expressed normal levels of HLA class I. HLA class I expression in cell lines 
was enhanced upon treatment with IFN-gamma. CTA expression was enhanced or induced by treatment with the 
demethylating agent 5-aza-2'-deoxycytidine, resulting in recognition by specific CTLs. Interestingly, a 
spontaneous humoral and CD8+ T cellular response to the CTA NY-ESO-1 was detected in a synovial sarcoma 
patient. Together, these findings strongly support the implementation of CTA-based immunotherapy of sarcoma 
as a means to improve the efficacy of the standard therapy. 

 

Introduction

Sarcomas are a heterogeneous group of malignant mesenchymal tumors. Although rare, there are approximately 
9800 new cases of sarcoma each year in the United States. These include the two main groups of sarcomas, 
namely soft tissue sarcomas (7800 new cases each year) and bone tumors (2000 new cases each year). They 
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are often aggressive diseases characterized by a large local invasion, a tendency to metastasize, and a high 
mortality rate. Current standard therapy includes surgical resection of the tumor and adjuvant radiation therapy 
and/or chemotherapy to attempt to prevent recurrence. Adjuvant therapy has been shown to decrease local 
recurrence in some instances, but no convincing effect on overall survival has been demonstrated (1). Thus, 
alternative treatments that may increase the poor survival rate of sarcoma patients are eagerly awaited.

The identification of antigens expressed predominantly or exclusively by tumor cells as compared to normal 
tissues has recently led to the implementation of a growing number of clinical trials aimed at eliciting or 
enhancing immune responses to such antigens in cancer patients (2). Identification of tumor antigens, however, 
has mostly been achieved for tumors of known high spontaneous immunogenicity, such as malignant melanoma. 
In contrast, in the case of sarcomas, the identification of relevant target antigens has remained elusive.

The group of so-called CTAs comprises nonmutated self-antigens whose expression is mostly limited to germ-
line cells and to cancer cells but is not found in the cells of healthy adults (3). CTAs include 20 genes or gene 
families identified to date (3). These genes are frequently members of multigene families and often map to 
chromosome X. The biological function of CTAs is unknown for most group members, with the exception of a few 
proteins involved in gametogenesis and fertilization. In the case of other family members, the information 
available suggests that they could correspond to regulators of gene transcription or to factors involved in cell 
cycle progression and apoptosis. The molecular mechanisms leading to CTA expression in cancer cells are still 
poorly defined. An engaging hypothesis is that it may be due to the activation of a gametogenic protein 
expression program (4). However, both the genes involved in the activation of this program, as well as the 
relationship between these events and the oncogenic process, remain to be defined.

In contrast to other antigens expressed only by a certain type of tumors (for example, melanocyte differentiation 
antigens in melanoma), CTAs are frequently expressed in tumors of some histological types but infrequently in 
others. As CTA-specific immune responses selectively target cancer cells, CTAs are ideal candidates for the 
development of cancer vaccines. In this study, we have addressed the relevance of CTAs as vaccine targets for 
immunotherapy of sarcoma. Together, our results indicate that the frequent expression of CTAs in sarcoma 
provides opportunities for the implementation of novel immunotherapeutic approaches that could improve 
treatment outcomes. 

 

Results

CTA expression in sarcoma tumors and cell lines

We used RT-PCR to analyze tumor tissues from 36 sarcoma patients, including 9 histological subtypes, for the 
expression of SSX, MAGE-A1, -A3, -A4, -A10, NY-ESO-1, LAGE-1, CT-7, CT-10, BAGE, GAGE, and SCP-1. 
CTA expression was also analyzed in 8 sarcoma cell lines. The results we obtained for all antigens and patients 
are summarized in Table 1. Some of the CTAs most frequently expressed in melanoma (for example, MAGE-A3 
was expressed in about 40% of primary and 70% of metastatic melanoma tumor samples) (5) were also 
frequently expressed in sarcoma. MAGE-A3 expression was found in 44% of the tumor samples. Other MAGE-A 
family members were also expressed in a smaller, but still significant, fraction of the samples (MAGE-A1, 27%; 
MAGE-A4, 30%; and MAGE-A10, 14%). Other CTAs frequently expressed in sarcomas included NY-ESO-1 
(36%) and the highly homologous gene, LAGE-1 (27%). NY-ESO-1 and LAGE-1 have been shown to encode 
common CTL epitopes (6, 7, 8). Consistent with our previous data on melanoma tumors (9), expression of NY-
ESO-1 and LAGE-1 was not completely overlapping in tumor samples: One of the two genes was expressed in 
47% of the samples, whereas simultaneous expression of both genes was found in only 16% of the samples. 
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GAGE and SSX antigens were also frequently expressed in sarcoma (in 44% and 39% of samples, respectively). 
The remaining genes (CT-7, CT-10, BAGE, and SCP-1) were expressed in a lower proportion of samples (14%, 
28%, 17%, and 5%, respectively). Overall, we found detectable expression of at least one antigen in 27/36 (75%) 
of tumor samples and 7/8 cell lines. CTA expression was not limited to a given histological subtype. As was 
documented in previous studies, expression was often clustered, with multiple CTA being expressed 
simultaneously in the same tumor (3). Indeed, whereas only 7 of the positive tumors expressed a single antigen, 
the remaining 20, as well as all positive sarcoma cell lines, coexpressed 2 to 9 antigens (Table 1). Unlike other 
CTAs, the expression of SCP-1 was not clustered with that of the other antigens. Indeed, of the two positive 
tumor samples, both expressing high levels of the antigen, one did not express any of the other antigens tested 
and the other only coexpressed low levels of SSX. Similarly, the only SCP-1-expressing line (SK-ES-1) only 
coexpressed intermediate levels of MAGE-A3. To confirm CTA expression in sarcoma at the protein level, we 
performed a parallel analysis of the tumor samples by IHC using the NY-ESO-1-specific monoclonal antibody, 
ES121. The results of this analysis are summarized in Table 2. In general, there was an excellent correlation 
between the two sets of results, with the exception of a few samples showing low levels of expression by PCR 
(1% of the reference line) that read negative by IHC.

Table 1. CTA expression in sarcoma tumor samples and cell lines.
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Table 2. Comparison of NY-ESO-1 expression in sarcoma tumors as assessed by PCR or IHC.

HLA class I expression in sarcoma cell lines and tumors

Targeting of tumors by specific CTLs requires sufficient expression of HLA class I by tumor cells. Defective HLA 
class I expression has been documented in variable proportions in different tumors (10). The sarcoma tumor cell 
lines analyzed in this study expressed clearly detectable levels of HLA class I, as assessed by FACS® analysis 
using the anti-HLA class I mAb W6/32, although the expression levels were variable depending on the cell line 
(Table 3). Four of the six sarcoma cell lines that were HLA-A2+ by molecular typing expressed high levels of HLA-
A2 antigen as assessed using the mAb BB7.2 (Table 3). In addition, in all cases, both total HLA class I and HLA-
A2 (in the case of HLA-A2+ cells) antigen expression levels were substantially increased after treatment with IFN-
gamma. It is noteworthy that the sarcoma tumor cell lines did not express detectable levels of HLA class II 
antigens, even after treatment with IFN-gamma (not shown). We also performed an IHC analysis using the 
W6/32 mAb to assess total HLA class I expression in a fraction of sarcoma tumors for which frozen tumor 
sections were available. As summarized in Table 4, for the majority of the tumor samples analyzed (20 of 26 = 
77%) we found normal levels of total MHC class I antigen expression in a large fraction of tumor cells, indicating 
that lack of MHC class I expression does not represent an inherent obstacle for the development of a CTL-based 
vaccine for sarcoma.
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Table 3. MHC class I and HLA-A2 expression in tumor cell lines.

Table 4. MHC class I expression in sarcoma tumors.
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Impact of DNA demethylation on CTA expression in sarcoma cells and recognition by specific CTLs

Aberrations in DNA methylation, including genomic hypomethylation, are a common feature of human cancer ( 
11, 12) and may provide a common mechanism for the expression of CTAs in cancer cells. In line with this 
hypothesis, it has been shown that treatment with DNA demethylating agents can induce the expression of CTA 
encoding genes in cancer cells (13), suggesting a strategy to augment antitumor immunity in cancer patients. To 
analyze the impact of DNA demethylation on the expression of CTAs by sarcoma cells, the expression of 
selected antigens in sarcoma cell lines was analyzed after treatment with 5-aza-2'-deoxycytidine (5-AZA-CdR) 
for 72 h. As illustrated in Figure 1A for MAGE-A10, SSX, NY-ESO-1, and LAGE-1, and similarly for all remaining 
CTA encoding genes except SCP-1 (data not shown), CTAs that were not expressed at significant levels before 
treatment became detectable. In the case of SCP-1, expression was not modulated by the treatment. Together 
with the observation that the expression of this gene is not clustered with that of other CTAs (Table 1), this 
indicates that the expression of SCP-1 is regulated through different mechanisms. It is of note that, unlike the 
other members of the group, SCP-1 is not located on chromosome X (14). The increased, or induced, CTA 
expression resulting from treatment of tumor cells with demethylating agents should, in principle, lead to 
increased tumor recognition by CTA-specific CTLs. Figure 1B illustrates the effect of these agents on the 
recognition of SW 872 cells by HLA-A2 restricted, tumor-reactive CTL clones specific for CTA-derived peptides. 
In the case of high CTA expression levels prior to any treatment (that is, MAGE-A10 and SSX-2), recognition of 
sarcoma cells by specific CTLs was similar in the presence or in the absence of peptide. In contrast, when 
antigen expression was not detectable by PCR prior to treatment (that is, NY-ESO-1 and LAGE-1), no tumor 
recognition by CTLs was detected in the absence of exogenously added peptide. Under these experimental 
conditions, no significant difference in antigen recognition was detected after treatment with IFN-gamma. In 
contrast, recognition of antigens whose expression was undetectable in untreated tumor cells became evident 
after treatment of tumor cells with 5-AZA-CdR.

Figure 1. Impact of 5-AZA-CdR on CTA expression in sarcoma cells and recognition by 
CTLs. (A) RT-PCR analysis of untreated tumor cells or cells treated with 5-AZA-CdR. (B) Antigen 
recognition of SW 872 sarcoma cells by CTA-specific CTLs in the absence (white bars) or 
presence (dashed bars) of 1 µg/ml of the corresponding peptide.
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Assessment of spontaneous immune responses to CTAs in sarcoma patients

Spontaneous humoral and T cell responses to CTAs have been documented in patients with different tumor 
types. Among the patients listed in Table 1, sera were available in the case of 10 patients. We assessed the 
presence of antibodies against NY-ESO-1 or MAGE-A4 in these sera by using the corresponding recombinant 
proteins in an ELISA assay, as described previously (15). Four of the sera tested were from patients with 
detectable MAGE-A4 expression in the corresponding tumor lesions [uterine leiomyosarcoma case 1, synovial 
sarcoma (SS) case 2, angiosarcoma case 1, gastrointestinal stromal tumor (GIST) case 1] and four were from 
NY-ESO-1-expressing patients (SS case 2, angiosarcoma case 1, GIST case 1 and case 3). Only in the case of 
SS case 2, which expressed the highest levels of NY-ESO-1 (see Figure 2 for IHC), were specific antibodies 
clearly detectable in the serum (Figure 3A). Antibodies against MAGE-A4, however, were not detectable in any 
of the tested sera, although two of the patients (SS case 2 and angiosarcoma case 1) expressed high antigen 
levels (Table 1). PBLs were available in the cases of four patients who expressed HLA-A2 antigens (SS case 2, 
liposarcoma case 1, GIST case 1 and case 3). For these patients, CD8+ T cell responses to known HLA-A2-
restricted peptides derived from CTAs expressed in the corresponding tumors (NY-ESO-1157-165, SSX-241-49, 
CAMEL1-11, MAGE-A4230-239, and MAGE-A10254-262) were assessed by in vitro stimulation with the 
corresponding peptide, followed by staining with fluorescent HLA-A2/peptide multimers, as described (16). 
Consistent with his serological response to NY-ESO-1, a clear CD8+ T cell response to NY-ESO-1157-165 was 
detected for SS case 2 (Figure 3B). No specific CTL responses to the other CTA-derived peptides were detected 
in this patient or in the other patients (data not shown). It is of note that SS case 2 was a patient with advanced 
disease. Homogeneous expression of NY-ESO-1 has been reported in more than 80% of SS cases analyzed 
(17). In agreement with these data, the two SS cases analyzed in this study expressed high levels of NY-ESO-1. 
Detection of strong humoral and cellular responses to NY-ESO-1 in SS case 2 is consistent with previous 
findings in patients with advanced NY-ESO-1-expressing cancers (18). It is likely that such spontaneous 
responses develop so late in the disease because the high load of tumor antigen present in progressing patients 
is required for optimal cross-priming by professional APCs (19). We hope that by vaccinating patients bearing 
tumor antigen-expressing lesions with tumor antigen-derived immunogens at earlier stages of the disease we 
can stimulate an earlier response and have a favorable impact on their immune system's ability to control the 
disease.

Figure 2. Expression of NY-ESO-1 antigen in a patient with synovial sarcoma. The 
expression of NY-ESO-1 in a tumor specimen from patient SS case 2 was assessed using 
monoclonal antibody ES121. For comparison, ES121-specific staining is shown for 
spermatogonia/primary spermatocytes in the periphery of seminiferous tubles.
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Figure 3. Spontaneous immune response to NY-ESO-1 antigen in SS case 2. (A) The 
presence of NY-ESO-1-specific circulating antibodies was assessed by ELISA using serial serum 
dilutions. (B) NY-ESO-1-specific CTLs were assessed among circulating CD8+ T lymphocytes, 1 
wk after in vitro stimulation with peptide NY-ESO-1157-165, using fluorescent soluble HLA-A2/NY-
ESO-1 peptide multimers and anti-CD8 mAb.

Discussion

Over a century ago, after observing the absence of tumor recurrence in a patient with small cell sarcoma after 
severe infection with erysipelas, Dr. W. B. Coley (20) investigated the beneficial effects of administering microbial 
injections into metastatic cancer patients, thereby launching the concept that immunotherapy could be an option 
in the treatment of cancer. During the last decade, the identification of a growing number of tumor-specific 
antigens has allowed the implementation of the first clinical trials involving tumor antigen-specific vaccination of 
cancer patients (2). Paradoxically, immunotherapeutic approaches for the treatment of sarcoma, the tumor type 
that first inspired cancer immunotherapy, have been envisaged only very recently (21, 22). The aim of this study 
is to address the relevance of CTA as vaccine targets for immunotherapy of sarcoma.

Our results show that the expression of CTAs is very frequent in sarcoma, with frequencies comparable to those 
of other malignancies, such as melanoma or lung cancer, for which there are ongoing clinical trials involving 
immunotargeting (3). Similar to the results obtained in other malignancies (3), CTA expression in sarcoma 
samples and tumor cell lines was often clustered, with multiple CTAs being simultaneously expressed in the 
same tumor. The clustered expression of CTA genes favors a common mechanism leading to their expression. A 
shared feature of CTA gene expression is induction by the DNA demethylating agent 5-aza-2'-deoxycytidine (5-
AZA-CdR) (3, 13). We observed that expression of all CTA genes tested, except SCP-1, could be significantly 
augmented or induced de novo upon treatment of sarcoma cell lines with 5-AZA-CdR. SCP-1 expression in 
tumor samples was indeed not clustered with that of other CTAs (Table 1), indicating that the expression of SCP-
1 is regulated through different mechanisms.

Assessment of MHC class I expression in sarcoma cell lines and tumor samples showed, in about two-thirds of 
the cases, expression levels that would allow antigen recognition by tumor-specific CTLs. MHC class I 
expression was strongly upregulated by in vitro treatment of sarcoma cell lines with IFN-gamma. A spontaneous 
humoral and cellular response to one of the test antigens (NY-ESO-1) was detected in one antigen-expressing 
sarcoma patient with advanced disease. In a previous study, antibody responses to NY-ESO-1 were detected in 
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sera from 2 of 54 sarcoma patients, suggesting that the spontaneous immune responses against this antigen in 
sarcoma patients could be less frequent than in other malignancies (15, 23). A more rigorous comparison of the 
spontaneous immunogenicity of CTAs in sarcoma and in other malignancies, however, would require 
assessment of CTA-specific humoral and cellular immune responses in a large panel of antigen-expressing 
patients.

Together, our data strongly encourage the introduction of clinical trials involving the vaccination of sarcoma 
patients with CTA-derived immunogens. To include a large number of sarcoma patients, the vaccine should 
contain multiple T cell epitopes from the most commonly expressed CTAs. Vaccination could be given as an 
adjuvant therapy, after standard therapy is completed. Longitudinal molecular monitoring of the elicited immune 
responses would provide information regarding magnitude, quality, and persistency of the induced CTA-specific 
immune responses. Due to the generally rapid progression of the disease, statistically significant information on 
the impact of vaccination on the patients' survival should be obtained within a time period of 1 to 2 yr. In the case 
of patients with advanced disease, additional therapeutic options such as adoptive transfer of CTA-specific T 
cells, possibly in combination with administration of DNA demethylating agents, should also be contemplated. 

 

Abbreviations

5-AZA-CdR, 5-aza-2'-deoxycytidine; CTA, cancer/testis antigens; IHC, immunohistochemistry 

 

Acknowledgements

Maha Ayyoub and Danila Valmori are supported by the Ludwig Institute for Cancer Research and the Cancer 
Research Institute. We are grateful to Dr. P. Guillaume (Ludwig Institute for Cancer Research, Lausanne, 
Switzerland) for the synthesis of HLA-A2/peptide multimers and to Dr. G. Ritter (Ludwig Institute for Cancer 
Research, New York, USA) for providing the NY-ESO-1 and MAGE-A4 recombinant proteins. We would also like 
to thank Dr. A. Jungbluth for providing the NY-ESO-1-specific monoclonal antibody ES121 and for useful 
discussions. 

 

References

1. Tierney JF, Mosseri V, Stewart LA, Souhami RL, Parmar MK. Adjuvant chemotherapy for soft-tissue sarcoma: review and meta-
analysis of the published results of randomised clinical trials. Br J Cancer 1995; 72: 469-75. (PMID: 7640234)

2. Rosenberg SA. Progress in human tumour immunology and immunotherapy. Nature 2001; 411: 380-4. (PMID: 11357146)

3. Scanlan MJ, Gure AO, Jungbluth AA, Old LJ, Chen YT. Cancer/testis antigens: an expanding family of targets for cancer 
immunotherapy. Immunol Rev 2002; 188: 22-32. (PMID: 12445278)

4. Old LJ. Cancer/testis (CT) antigens - a new link between gametogenesis and cancer. Cancer Immun 2001; 1: 1. (PMID: 12747762)

http://www.cancerimmunity.org/v4p7/040606.htm (9 of 13)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Pubmed&list_uids=9547346&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Pubmed&list_uids=12601173&dopt=Abstract


Cancer Immunity 4:7 (2004) - ARTICLE

5. Gaugler B, Van den Eynde B, van der Bruggen P, Romero P, Gaforio JJ, De Plaen E, Lethe B, Brasseur F, Boon T. Human gene 
MAGE-3 codes for an antigen recognized on a melanoma by autologous cytolytic T lymphocytes. J Exp Med 1994; 179: 921-30. (PMID: 
8113684)

6. Wang RF, Johnston SL, Zeng G, Topalian SL, Schwartzentruber DJ, Rosenberg SA. A breast and melanoma-shared tumor antigen: 
T cell responses to antigenic peptides translated from different open reading frames. J Immunol 1998; 161: 3598-606. (PMID: 9759882)

7. Aarnoudse CA, van den Doel PB, Heemskerk B, Schrier PI. Interleukin-2-induced, melanoma-specific T cells recognize CAMEL, an 
unexpected translation product of LAGE-1. Int J Cancer 1999; 82: 442-8. (PMID: 10399963)

8. Jäger E, Chen YT, Drijfhout JW, Karbach J, Ringhoffer M, Jäger D, Arand M, Wada H, Noguchi Y, Stockert E, Old LJ, Knuth A. 
Simultaneous humoral and cellular immune response against cancer-testis antigen NY-ESO-1: definition of human histocompatibility 
leukocyte antigen (HLA)-A2-binding peptide epitopes. J Exp Med 1998; 187: 265-70. (PMID: 9432985)

9. Rimoldi D, Rubio-Godoy V, Dutoit V, Lienard D, Salvi S, Guillaume P, Speiser D, Stockert E, Spagnoli G, Servis C, Cerottini JC, 
Lejeune F, Romero P, Valmori D. Efficient simultaneous presentation of NY-ESO-1/LAGE-1 primary and nonprimary open reading 
frame-derived CTL epitopes in melanoma. J Immunol 2000; 165: 7253-61. (PMID: 11120859)

10. Campoli M, Chang CC, Ferrone S. HLA class I antigen loss, tumor immune escape and immune selection. Vaccine 2002; 20 Suppl 
4: A40-5. (PMID: 12477427)

11. Jones PA. DNA methylation and cancer [review]. Oncogene 2002; 21: 5358-60. (PMID: 12154398)

12. Esteller M, Fraga MF, Paz MF, Campo E, Colomer D, Novo FJ, Calasanz MJ, Galm O, Guo M, Benitez J, Herman JG. Cancer 
epigenetics and methylation[letter]. Science 2002; 297: 1807-8. (PMID: 12229925)

13. Gure AO, Tureci O, Sahin U, Tsang S, Scanlan MJ, Jäger E, Knuth A, Pfreundschuh M, Old LJ, Chen YT. SSX: a multigene family 
with several members transcribed in normal testis and human cancer. Int J Cancer 1997; 72: 965-71. (PMID: 9378559)

14. Tureci O, Sahin U, Zwick C, Koslowski M, Seitz G, Pfreundschuh M. Identification of a meiosis-specific protein as a member of the 
class of cancer/testis antigens. Proc Natl Acad Sci U S A 1998; 95: 5211-6. (PMID: 9560255)

15. Stockert E, Jager E, Chen YT, Scanlan MJ, Gout I, Karbach J, Arand M, Knuth A, Old LJ. A survey of the humoral immune 
response of cancer patients to a panel of human tumor antigens. J Exp Med 1998; 187: 1349-54. (PMID: 9547346)

16. Valmori D, Dutoit V, Liénard D, Rimoldi D, Pittet MJ, Champagne P, Ellefsen K, Sahin U, Speiser D, Lejeune F, Cerottini J-C, 
Romero P. Naturally occurring human lymphocyte antigen-A2 restricted CD8+ T-cell response to the cancer testis antigen NY-ESO-1 in 
melanoma patients. Cancer Res 2000; 60: 4499-506. (PMID: 10969798)

17. Jungbluth AA, Antonescu CR, Busam KJ, Iversen K, Kolb D, Coplan K, Chen YT, Stockert E, Ladanyi M, Old LJ. Monophasic and 
biphasic synovial sarcomas abundantly express cancer/testis antigen NY-ESO-1 but not MAGE-A1 or CT7. Int J Cancer 2001; 94: 252-
6. (PMID: 11668506)

18. Jäger E, Nagata Y, Gnjatic S, Wada H, Stockert E, Karbach J, Dunbar PR, Lee SY, Jungbluth A, Jager D, Arand M, Ritter G, 
Cerundolo V, Dupont B, Chen YT, Old LJ, Knuth A. Monitoring CD8 T cell responses to NY-ESO-1: correlation of humoral and cellular 
immune responses. Proc Natl Acad Sci U S A 2000; 97: 4760-5. (PMID: 10781081)

19. Spiotto MT, Yu P, Rowley DA, Nishimura MI, Meredith SC, Gajewski TF, Fu YX, Schreiber H. Increasing tumor antigen expression 
overcomes "ignorance" to solid tumors via crosspresentation by bone marrow-derived stromal cells. Immunity 2002; 17: 737-47. (PMID: 
12479820)

20. Coley WB. Contribution to the knowledge of sarcoma. Ann Surg 1891; 14: 199-220.

21. Linehan DC, Bowne WB, Lewis JJ. Immunotherapeutic approaches to sarcoma. Semin Surg Oncol 1999; 17: 72-7. (PMID: 
10402640)

22. Maki RG. Soft tissue sarcoma as a model disease to examine cancer immunotherapy. Curr Opin Oncol 2001; 13: 270-4. (PMID: 
11429485)

23. Lee SY, Obata Y, Yoshida M, Stockert E, Williamson B, Jungbluth AA, Chen YT, Old LJ, Scanlan MJ. Immunomic analysis of 
human sarcoma. Proc Natl Acad Sci U S A 2003; 100: 2651-6. (PMID: 12601173)

24. Chen YT, Scanlan MJ, Sahin U, Tureci O, Gure AO, Tsang S, Williamson B, Stockert E, Pfreundschuh M, Old LJ. A testicular 
antigen aberrantly expressed in human cancers detected by autologous antibody screening. Proc Natl Acad Sci U S A 1997; 94: 1914-
8. (PMID: 9050879)

http://www.cancerimmunity.org/v4p7/040606.htm (10 of 13)



Cancer Immunity 4:7 (2004) - ARTICLE

25. Lethé B, Lucas S, Michaux L, De Smet C, Godelaine D, Serrano A, De Plaen E, Boon T. LAGE-1, a new gene with tumor 
specificity. Int J Cancer 1998; 76: 903-8. (PMID: 9626360)

26. Chen YT, Gure AO, Tsang S, Stockert E, Jager E, Knuth A, Old LJ, Zwick C, Romeike B, Moringlane JR, Schwechheimer K, Feiden 
W, Pfreundschuh M. Identification of multiple cancer/testis antigens by allogeneic antibody screening of a melanoma cell line library. 
Proc Natl Acad Sci U S A 1998; 95: 6919-23. (PMID: 9618514)

27. Rimoldi D, Salvi S, Reed D, Coulie P, Jongeneel VC, De Plaen E, Brasseur F, Rodriguez AM, Boon T, Cerottini JC. cDNA and 
protein characterization of human MAGE-10. Int J Cancer 1999; 82: 901-7. (PMID: 10446460)

28. Boel P, Wildmann C, Sensi ML, Brasseur R, Renauld JC, Coulie P, Boon T, van der Bruggen P. BAGE: a new gene encoding an 
antigen recognized on human melanomas by cytolytic T lymphocytes. Immunity 1995; 2: 167-75. (PMID: 7895173)

29. Van den Eynde B, Peeters O, De Backer O, Gaugler B, Lucas S, Boon T. A new family of genes coding for an antigen recognized 
by autologous cytolytic T lymphocytes on a human melanoma. J Exp Med 1995; 182: 689-98. (PMID: 7544395)

30. Gure AO, Stockert E, Arden KC, Boyer AD, Viars CS, Scanlan MJ, Old LJ, Chen YT. CT10: a new cancer-testis (CT) antigen 
homologous to CT7 and the MAGE family, identified by representational-difference analysis. Int J Cancer 2000; 85: 726-32. (PMID: 
10699956)

31. Ayyoub M, Stevanovic S, Sahin U, Guillaume P, Servis C, Rimoldi D, Valmori D, Romero P, Cerottini JC, Rammensee HG, 
Pfreundschuh M, Speiser D, Levy F. Proteasome-assisted identification of a SSX-2-derived epitope recognized by tumor-reactive CTL 
infiltrating metastatic melanoma. J Immunol 2002; 168: 1717-22. (PMID: 11823502)

32. Dutoit V, Rubio-Godoy V, Dietrich PY, Quiqueres AL, Schnuriger V, Rimoldi D, Lienard D, Speiser D, Guillaume P, Batard P, 
Cerottini JC, Romero P, Valmori D. Heterogeneous T-cell response to MAGE-A10(254-262): high avidity-specific cytolytic T 
lymphocytes show superior antitumor activity. Cancer Res 2001; 61: 5850-6. (PMID: 11479225) 

 

Materials and methods

Patients, tumor samples, and cell lines

Patients gave their written informed consent for the use of blood and tissue for research purposes. The local 
Institutional Review Board approved the study (IRB#9853). Tumor tissues were obtained during routine surgery 
at the Presbyterian Hospital, Columbia University, New York, USA. Tissues were preserved in RNAlater (Sigma, 
St. Louis, MO, USA) and stored at -20°C. Human sarcoma cell lines were obtained from the American Type 
Culture Collection (Manassas, VA, USA).

RT-PCR

Aliquots of tissue samples were processed using an FP 120 Fast Prep Cell Disrupter (Savant Instruments). Total 
cellular RNA was prepared from frozen tumor tissue specimens or cell lines using a Nucleospin® RNA II 
extraction kit (Macherey-Nagel, Düren, Germany). Complementary DNA synthesis was performed using 
Promega Reverse Transcription System A3500 (Madison, WI, USA). The integrity of the cDNA was tested by 
amplifying beta-actin in a 35-cycle PCR reaction. The panel of CTAs analyzed included SSX, NY-ESO-1, LAGE-
1, MAGE-A1, -A3, -A4, -A10, BAGE, GAGE, CT7/MAGE-C1, CT10, and SCP-1. Messenger RNA expression of 
the CTAs in tumor tissue samples or in tumor cell lines was assessed by using previously described 
oligonucleotide primers and conditions: SSX (13), NY-ESO-1 (24), LAGE-1 (25), MAGE-A1, MAGE-A3, MAGE-
A4 (26), MAGE-A10 (27), BAGE (28), GAGE (29), CT7/MAGE-C1 (26), CT10 (30), and SCP-1 (14). 
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Antigen recognition assay

Tumor recognition by CTA-specific CTLs was assessed by IFN-gamma ELISPOT assay using nitrocellulose-
lined 96-well microplates (MAHA S45, Millipore, Bedford, MA, USA) and an IFN-gamma ELISPOT kit 
(DIACLONE, Besancon, France). Sarcoma cell lines expressing the HLA-A2 antigen or the melanoma cell line 
Me 275 (HLA-A2+ SSX-2+) were used as APCs. APCs (5 x 104/well) pulsed or not with the relevant peptide (1 
µM) during 1 h at 37°C were added together with the T cell clone indicated (104/well). The assay was carried out 
as described previously (31). Spots were counted using a stereomicroscope with a magnification of 15×.

Analysis of MHC class I and NY-ESO-1 antigen expression

Expression of total MHC class I or HLA-A2 antigens on tumor cell lines was assessed by FACS® analysis 
(FACScan, Becton Dickinson, San José, CA, USA) using anti-HLA-ABCFITC (W6/32, eBioscience, San Diego, 
CA, USA) or anti-HLA-A2FITC (BB7.2, BD Pharmingen, San Diego, CA, USA) mAbs, respectively. Samples were 
stained with antibodies in PBS containing 5% FCS for 20 min at 4°C, washed, and immediately analyzed. Data 
analysis was performed using Cell Quest™ software. For IHC analysis of MHC class I antigens expression, 
tissue sections were fixed with cold acetone. Blocking serum was added for 30 min, followed by washing and 
incubation with anti-HLA-ABC antibody (W6/32, eBioscience, San Diego, CA, USA) for 1 h. Immunostaining was 
performed on a Dako autostainer, using a Vector biotinylated secondary antimouse antibody during 30 min, 
followed by Avidin Biotin Peroxidase (Vectastain Elite, Vector Laboratories, Burlingame, CA, USA) and signal 
detection with diaminobenzidine (DAB). Sections were counterstained with methyl green (ethyl green) (Sigma, 
St. Louis, MO, USA). MHC class I staining of samples was evaluated by a semiquantitative scoring system. The 
system assesses cytoplasmic staining intensity as a 4-level ordered categorical variable (0 = none, 1 = mild, 2 = 
moderate, 3 = strong), and the percentage of positive cells as a 3-level ordered categorical (A: <25%, B: 25 to 
75%, C: >75%). Cases were considered negative for MHC class I expression if the cytoplasmic IHC staining had 
an intensity score of none to mild in 25% or fewer of tumor cells (A0 or A1). All other cases were considered 
positive. For IHC analysis of NY-ESO-1 expression, 5-µm cuts of standard formalin-fixed, paraffin-embedded 
tissue specimens were applied to slides for IHC (Fisherbrand Superfrost/Plus Slides) and heated at 60°C for 2 h 
to ensure adherence. The slides were then deparaffinized in xylene and rehydrated in a series of graded 
alcohols. IHC detection was carried out with monoclonal antibody ES121 to NY-ESO-1. Heating the slides in 
1mM EDTA ph 8.0 in a microwave oven before IHC staining retrieved the antigens. ES121 was applied at room 
temperature for 45 min and then detected with the Envision Plus system with DAB (Dako, Carpinteria, CA, USA) 
as the chromogen. Counterstaining was performed with a hematoxylin solution. Staining was interpreted as 
follows: 0 = no positive cells, negative sample; 1 = rare and scattered positive cells, negative sample; 2 = up to 
50% positive cells, positive sample; 3 = more than 50% positive cells, positive sample.

Assessment of CTA-specific antibodies

The presence of CTA-specific antibodies in the sera of sarcoma patients was assessed by ELISA as previously 
described (15). Briefly, microwell plates (Nunc, Roskilde, Denmark) were incubated with recombinant protein (1 
µg/ml) in coating buffer. Plates were washed with PBS and saturated with PBS containing 2% BSA. After 
washing, serial dilution of patients' and control sera were added. Goat antihuman IgG-AP (Southern 
Biotechnology, Birmingham, AL, USA) was used as secondary antibody, and Attophose substrate (JBL Scientific, 
San Louis Obispo, CA, USA) was added for 25 min at room temperature. Plates were read immediately using a 
CytoFluor 4000 (Millipore, Bedford, MA, USA).

Peptide stimulation and MHC class I/peptide multimer staining

Patients' PBMCs were cultured in vitro for 1 wk in CTL medium (16) containing recombinant human IL-2 (10 
IU/ml, Roche, Basel, Switzerland) and recombinant human IL-7 (10 ng/ml, R&D, Minneapolis, MN, USA) in the 
presence of each of the peptides used (1 µM). PE-conjugated multimeric HLA-A2/peptide complexes containing 
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peptides NY-ESO-1157-165, SSX-241-49, CAMEL1-11, MAGE-A4230-239, and MAGE-A10254-262 were synthesized 
as described previously (9, 16, 31, 32). Peptide-stimulated samples were stained with HLA-A2/peptide multimers 
(4.5 µg/ml) in PBS containing 5% FCS for 1 h at room temperature, washed once in the same buffer, stained with 
anti-CD8 mAb (Becton Dickinson, San José, CA, USA) for 20 min at 4°C, washed again, and analyzed by flow 
cytometry (FACScan, Becton Dickinson, San José, CA, USA). Data analysis was performed using Cell Quest™ 
software. 
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