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Due to the high homology between the LAGE-1 and NY-ESO-1 
proteins, we hypothesized that an anti-NY-ESO-1 vaccine might elicit 
LAGE-1 immunity and hence may be effective in multiple myeloma 
(MM) patients with LAGE-1-positive/NY-ESO-1-negative tumors. 
Therefore, we set out to evaluate LAGE-1 and NY-ESO-1 mRNA and 
protein expression in MM patients in a bid to evaluate possible 
benefits of their homology for immunotherapy. LAGE-1 (a and b
isoforms) and NY-ESO-1 mRNA expression was studied in 18 normal 
tissues and 50 bone marrow MM samples by RT-PCR. LAGE-1 and 
NY-ESO-1 protein expression was analyzed by 
immunohistochemistry (IHC) in 27 MM specimens using mAbs 219-
510-23 and E978. Spontaneous serological immune response against 
both antigens was analyzed by ELISA in sera from 33 MM patients. 
LAGE-1 (a and b isoforms) was positive in 42% and NY-ESO-1 in 26% 
of the MM samples analyzed by RT-PCR. Both genes were found to be 
expressed in 18% of the cases, while at least one of the genes was 
found to be expressed in 50% of the cases. In LAGE-1 positive 
samples, 81% were positive for LAGE-1a and 19% were positive for 
both LAGE-1a and -1b. LAGE-1 and NY-ESO-1 protein expression 
could only be detected in two cases by IHC and there was a clear 
strong spontaneous antibody response to LAGE-1 and NY-ESO-1 in 
only one MM patient. In conclusion, LAGE-1a and NY-ESO-1 
homology cannot be easily exploited in an anti-NY-ESO-1 vaccine 
given the low frequency of protein expression detected by IHC or 
serum analysis.
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Introduction
In recent years, the aberrant activation and overexpression of 

cancer/testis antigens (CTAs) has been studied in various types 
of human malignant tumors (1-3). CTAs are not expressed or 
expressed at low levels in normal tissues, except for germline 
cells (and, sometimes, placenta). Based on their tumor-
associated expression and due to their ability to elicit an immune 
response in the autologous host, CTAs are potential targets for 
vaccine-based cancer immunotherapy (4-6). Since different 
CTAs can be expressed simultaneously in the same tumor, they 
are possible targets for polyvalent vaccines.

Currently, an immunotherapy trial targeting the CTAs 
MAGE-A3 and NY ESO 1 in multiple myeloma (MM) patients 

is in progress (NCT00090493). Based on our previous findings, 
MAGE-C1/CT7, MAGE-A3/6 and LAGE-1 were considered 
good candidates for immunotherapy in MM, with 85% of the 39 
cases analyzed expressing at least one of these genes. In 
particular, LAGE-1 mRNA was detected in 49% of MM patients 
(7).

LAGE-1, located to the q28 band of chromosome X, is not 
expressed at significant levels in normal adult tissues (with the 
exception of testis). LAGE-1 encodes for two alternative splicing 
isoforms (a and b). The proteins encoded by the two transcripts 
are largely identical with 95% similarity between the two 
isoforms in the first 134 amino acids (LAGE-1a [180 amino 
acids, NP_758965.1] and LAGE-1b [210 amino acids, 
NP_066274.1]), with the remaining sequence being unique to 
each isoform (8). However, while both LAGE mRNA sequences 
have high similarity to the NY-ESO-1 mRNA sequence, at the 
protein level NY-ESO-1 has high similarity with LAGE-1a but 
shares only the initial 134 amino acids with LAGE-1b. 
Considering the high homology between proteins, we speculate 
that an anti-NY-ESO-1 vaccine might elicit immunity in LAGE-
1-expressing tumors and may hence be beneficial to patients 
with LAGE-1a-positive/NY-ESO-1-negative tumors. The aims 
of this study were to evaluate the expression of LAGE-1 (a and b 
isoforms) and NY-ESO-1 at both the mRNA and protein levels 
in MM samples, as well as the occurrence of spontaneous 
antibody response against these two proteins, in order to explore 
the possibility of extending the use of an anti-NY-ESO-1 vaccine 
to MM patients with LAGE-1a positive tumors.

Results
We did not find an association between the International 

Staging System (ISS) stage and the percentage of LAGE-1 and 
NY-ESO-1 CTAs expressed by RT-PCR in the MM cases studied 
(Table 1), either when analyzed individually or when both genes 
were concordant (both positive or negative) (data not shown). 
Normal brain was positive for LAGE-1 expression, while normal 
mammary gland was positive for NY-ESO-1 expression. All 
other normal tissues, monoclonal gammopathy of 
undetermined significance (MGUS) and solitary plasmocytoma 
bone marrow samples were negative for both CTAs evaluated. 
For the 50 MM analyzed samples, LAGE-1 was positive in 42% 
(21/50) and NY-ESO-1 in 26% (13/50) of the cases. In 9 out of 50 
cases (18%), both genes were positive and in 25 out of 50 cases 
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Table 1 
International Staging System (ISS) stage and LAGE-1 and NY-ESO-1 expression in multiple myeloma patients.

(50%) the expression of at least one of the genes could be 
detected by RT-PCR. Of the 21 LAGE-1 positive samples, 17 
(81%) were positive for the a isoform and 4 (19%) were positive 
for both a and b isoforms. However, LAGE-1 and NY-ESO-1 
protein expression was detected in only 2 of the 27 cases 
analyzed by IHC (#83 and #115; both cases were also positive by 
RT-PCR for both genes) (Table 1 and Figure 1). A strong 

spontaneous antibody response to LAGE-1 and NY-ESO-1 was 
detected in only 1 (3%) of the 33 MM patient serum samples 
analyzed (#72; titers to LAGE-1 and NY-ESO-1 were 2,532 and 
2,175, respectively). However, due to the lack of available slides 
for IHC analysis for this patient, only RT-PCR could be 
performed which, as expected, was positive for both genes 
(Table 1).
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Figure 1 

NY-ESO-1 and LAGE-1 expression as determined by immunohistochemistry. (A) Focal expression of NY-ESO-1 in the bone marrow biopsy of patient 83 using mon-
oclonal antibody E978. (B) Expression of both LAGE-1 and NY-ESO-1 in the bone marrow biopsy of patient 115 using monoclonal antibody 219-510-23. Magnification 
400x.

Table 2 
Peptides common to the LAGE-1 and NY-ESO-1 proteins recognized by CD4+ or CD8+ T cells.

The in silico analysis of peptides recognized by T lymphocytes 
of cancer patients identified 11 peptides for LAGE-1 and 22 
peptides for NY-ESO-1. A comparison between these peptides 
reveals 7 peptides in common between the two CTAs, 
confirming the high similarity between the proteins, especially 
between the LAGE1a isoform and NY-ESO-1, corroborating our 
hypothesis of probable cross-reactivity to the two proteins 
(Table 2).

Discussion
Using conventional RT-PCR, we found LAGE-1 and 

NY-ESO-1 mRNA expression in 42% and 26% of the 50 MM 
analyzed patients, respectively. At least one of the genes was 
expressed in 50% of cases, but according to IHC analysis, 
LAGE-1 and/or NY-ESO-1 protein were expressed in only 7.4% 
of the MM analyzed cases.

In a previous study (7), we showed that both antigens were not 
expressed in many normal tissues, except for brain (positive for 
LAGE-1) and mammary gland (positive for NY-ESO-1). 
Hofmann et al. (9) showed that some CTAs can be expressed in 
normal brain samples and Sugita et al. (10) showed expression of 
NY-ESO-1 mRNA in benign breast lesions.

In this study, we observed that LAGE-1a mRNA was more 
frequent than LAGE-1b expression in MM cases (Table 1). 
LAGE-1a protein has 84% similarity with NY-ESO-1 protein 
and, using in silico analysis, we identified seven peptides present 
in both CTAs that were recognized by T lymphocytes in 
different tumors (Table 2). Therefore the LAGE-1a isoform and 
NY-ESO-1 could be considered as one "single" CTA for 
immunotherapy purposes.

We also found that 18% of MM patients expressed LAGE-1 and 
NY-ESO-1. Vaughan et al. (11) showed that both antigens 
(LAGE-1 and NY-ESO-1) were expressed in 31% (37/120) of 
melanoma patients, but they suggested that both CTAs were not 
consistently co-expressed.

In the present study, we found a high discrepancy between 
mRNA and protein expression for both LAGE-1 and NY-ESO-1. 
Breast cancer studies have also found divergences when 
NY-ESO-1 RT-PCR data was compared to IHC results (10, 12, 
13). We believe that the discordance in our study could be 
explained by the low sensitivity of the antibodies used or the 
quality of bone marrow tumor tissues present in the slides 
(routinely submitted to bone decalcification).

Spontaneous humoral response at diagnosis was detected in 1 
out of 33 of MM samples analyzed. Curioni-Fontecedro et al.
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(14) found NY-ESO-1 expression in only 1 out of 24 MM tumors 
and also a low incidence of antibodies to NY-ESO-1 in patient 
sera (2/60 cases of previously treated MM). Moreover, 
Atanackovic et al. (15) analyzed the humoral response against 
MAGEA3, SSX2 and NY-ESO-1 in 66 patients with MM before 
and after allogeneic hematopoietic stem cell transplantation. 
Spontaneous humoral immunity against NY-ESO-1 was not 
detected before the allogeneic transplant. Hence a low frequency 
of spontaneous humoral response against CTAs at MM 
diagnosis could be common, possibly due to humoral immune 
compromise in such patients.

The question of LAGE-1 immunogenicity is very interesting 
but poorly understood, since most studies usually focus on 
NY-ESO-1. Although in general both antigens tend to be co-
expressed, it is still an open question whether they are both 
equally immunogenic. There are reports of LAGE-1-specific T 
cell responses that are distinct from NY-ESO-1, as well as 
possible epitopes for regulatory T cells. The correlation with 
protein expression data is therefore quite interesting, and in the 
absence of purely LAGE-1-specific reagents, extrapolations 
could be done from assays comparing antibodies reacting 
exclusively with NY-ESO-1. Worth mentioning, while this 
report may shed some light on the potential controversy 
regarding LAGE-1 expression and immunogenicity, it depends 
on the reliability of the reagents used to assess expression at the 
protein level. This study could be more valuable if we could 
show that MM cells (especially those that are RT-PCR positive 
but IHC negative) can be recognized by specific T cell clones. 
However, our MM patients were not HLA-typed and we do not 
have bone marrow cell samples in DMSO (frozen cells) 
available.

To continue and improve this work, we could extend the study 
to a larger number of MM samples obtained from patients at 
different stages of their disease to explore whether the CTA 
antigen expression is related to disease stage. A possible 
correlation would further substantiate the data presented here, 
when established in a higher number of cases.

In conclusion, for the first time the frequency of LAGE-1 
isoforms is shown in MM patients. Because of the high 
similarity between the LAGE-1a and NY-ESO-1 proteins, we 
hypothesize that an anti-NY-ESO-1 vaccine could benefit MM 
patients with tumors that express LAGE-1a but not NY-ESO-1.

Abbreviations
CTA, cancer/testis antigen; IHC, immunohistochemistry; MM, 
multiple myeloma
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Materials and methods
Patients

This study was approved by the Ethical Committee of the 
Universidade Federal de São Paulo (São Paulo, Brazil) and 
informed consent was obtained from all patients. Disease stage 
was classified according to the International Staging System 
(ISS) (16). Of the 50 MM patients studied, 18% (9) were stage I, 
32% (16) were stage II and 42% (21) were stage III. In four (8%) 
MM cases ISS staging was unavailable.

RT-PCR
The expression of NY-ESO-1 and LAGE-1 was previously 

studied by our group using RT-PCR in different normal tissues 
(including normal bone marrow aspirates from allogeneic stem-
cell transplant donors), bone marrow aspirates of monoclonal 
gammopathy of undetermined significance (MGUS) and of 
solitary plasmacytomas, and bone marrow aspirates from MM 
patients obtained at diagnosis, without any previous treatment 
(7). Here, we analyzed 11 additional bone marrow MM samples 
for both LAGE-1 and NY-ESO-1 expression by RT-PCR. RNA 
extraction and RT-PCR reactions were conducted as described 
by Andrade et al. (7). The primers used for evaluation of the 
LAGE-1 gene expression were able to amplify both mRNA 
isoforms (a 332 bp product is seen for the a isoform and a 561 bp 
product for the b isoform).

Immunohistochemistry
LAGE-1 and NY-ESO-1 protein expression were analyzed by 

immunohistochemistry in 27 MM bone marrow specimens 
using monoclonal antibodies (mAbs) 219-510-23 and E978, 
respectively (1, 11). The mAb 219-510-23 detects both 
NY-ESO-1 and LAGE-1 antigens and it is the first time that this 
monoclonal antibody is reported (a manuscript describing mAb 
219-510-23 in more detail is in preparation).

ELISA

The spontaneous serological immune response against both 
LAGE-1 and NY-ESO-1 antigens was analyzed by ELISA with 
recombinant CTA or CTA fragments (6). Sera from 33 MM 
patients (obtained at diagnosis without any previous treatment) 
were tested in serial dilutions: 1/100, 1/400, 1/1600 and, in some 
cases, 1/6400. From the curve, a titer was extrapolated based on 
cutoffs from negative control serum pools for each antigen. 
Positive control sera were present on each plate to validate the 
assay. A reciprocal titer >100 was considered significant. RT-
PCR data for all 33 MM samples analyzed was available and 
immunohistochemistry data was obtained for 16 of the samples.

Peptides recognized by T lymphocytes
LAGE-1 and NY-ESO-1 peptides recognized by T 

lymphocytes in tumors were taken from the Cancer Immunity
Peptide Database (17).

Contact
Address correspondence to:

Gisele W. B. Colleoni, MD, PhD
UNIFESP/EPM - Rua Botucatu, 740, 3º andar
Hematologia, CEP 04023-900
Vila Clementino
São Paulo, SP
Brazil
Tel.: + 55 11 5579-1550
Fax: + 55 11 5571-8806
E-mail: gcolleoni@unifesp.br
www.cancerimmunity.org 5 of 5


	Evaluation of LAGE-1 and NY-ESO-1 expression in multiple myeloma patients to explore possible benefits of their homology for immunotherapy
	Introduction
	Results
	Discussion
	Abbreviations
	Acknowledgements
	References
	Materials and methods
	RT-PCR
	Immunohistochemistry
	ELISA
	Peptides recognized by T lymphocytes

	Contact



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


