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Abstract

Myxoid and round-cell liposarcoma is a frequently encountered liposarcoma subtype. The 

mainstay of treatment remains surgical excision with or without chemoradiation. However, 

treatment options are limited in the setting of metastatic disease. Cancer-testis antigens are 

immunogenic antigens with the expression largely restricted to testicular germ cells and various 

malignancies, making them attractive targets for cancer immunotherapy. Gene expression studies 

have reported the expression of various cancer-testis antigens in liposarcoma, with mRNA 

expression of CTAG1B, CTAG2, MAGEA9, and PRAME described specifically in myxoid and 

round-cell liposarcoma. Herein, we further explore the expression of the cancer-testis antigens 

MAGEA1, ACRBP, PRAME, and SSX2 in myxoid and round-cell liposarcoma by 

immunohistochemistry in addition to determining mRNA levels of CTAG2 (LAGE-1), PRAME, 

and MAGEA3 by quantitative real-time PCR. Samples in formalin-fixed paraffin-embedded blocks 

(n=37) and frozen tissue (n=8) were obtained for immunohistochemistry and quantitative real-time 

PCR, respectively. Full sections were stained with antibodies to MAGEA1, ACRBP, PRAME, and 

SSX2 and staining was assessed for intensity (1–2+) and percent tumor positivity. The gene 

expression levels of CTAG2, PRAME, and MAGEA3 were measured by quantitative real-time 

PCR. In total, 37/37 (100%) of the samples showed predominantly strong, homogenous 

immunoreactivity for PRAME. There was a variable, focal expression of MAGEA1 (11%) and 

SSX2 (16%) and no expression of ACRBP. Quantitative real-time PCR demonstrated PRAME and 

CTAG2 transcripts in all eight samples: six tumors with high mRNA levels; two tumors with low 

© 2014 USCAP, Inc All rights reserved

Correspondence: Dr OH Iwenofu, MD, Department of Pathology and Laboratory Medicine, Wexner Medical Center at The Ohio State 
University, 410 West 10th Avenue, Columbus, OH 43210, USA. Hans.Iwenofu@osumc.edu. 

Disclosure/conflict of interest
The authors declare no conflict of interest.

Supplementary Information accompanies the paper on Modern Pathology website (http://www.nature.com/modpathol)

NIH Public Access
Author Manuscript
Mod Pathol. Author manuscript; available in PMC 2015 January 08.

Published in final edited form as:
Mod Pathol. 2014 September ; 27(9): 1238–1245. doi:10.1038/modpathol.2013.244.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.nature.com/modpathol


mRNA levels. The gene expression of MAGEA3 was not detected in the majority of cases. In 

conclusion, myxoid and round-cell liposarcomas consistently express PRAME by 

immunohistochemistry as well as CTAG2 and PRAME by qualitative real-time PCR. This supports 

the use of cancer-testis antigen-targeted immunotherapy in the treatment of this malignancy.
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Myxoid and round-cell liposarcomas constitute approximately one-third of all liposarcomas, 

a relatively common group of fat-derived soft-tissue sarcomas.1 Surgery with or without 

chemora-diation therapy remains the mainstay of treatment. Unfortunately, treatment 

options in the setting of tumor recurrence, progression, and metastasis remain a challenge.2 

Cancer-testis antigens are a unique family of antigens that have largely restricted expression 

toward testicular germ cells in a normal adult, yet are aberrantly expressed by a variety of 

histologically unrelated malignancies.3,4 Furthermore, cancer-testis antigens are innately 

immunogenic, thus elicit spontaneous T-cell and/or humoral responses that target the 

cancer-testis antigen-expressing tumor cells.5–7

Cancer-testis antigen expression has been reported in a wide variety of malignancies, 

including melanoma, primary brain tumors, a variety of sarcomas and carcinomas, as well as 

hematologic neoplasms.7 Indeed, a few cancer-testis antigens, including MAGEA1, 

MAGEA3, and NY-ESO-1, have been targeted by immunotherapies in clinical trials.6 In 

addition to being therapeutic targets, cancer-testis antigen expression in certain tumors may 

provide prognostic value.8–15 In most tumors, cancer-testis antigen expression is associated 

with worse outcome, higher tumor grade, and metastasis, however, there are 

exceptions.6,16,17 Given the potential utility of cancer-testis antigens in cancer therapeutics 

and prognostication, an extensive online database containing >100 cancer-testis genes has 

been established by the Ludwig Institute for Cancer Research (http://www.cta.lncc.br/).7

Similar to other sarcomas, gene expression studies have reported the presence of multiple 

cancer-testis antigens in liposarcomas, including SSX, CTAG2 (encodes LAGE-1), CTAG1B 

(encodes NY-ESO-1), CT-7, CT-10, GAGE, BAGE, PRAME, and various MAGE 

transcripts.18–20 Furthermore, increased CTAG1B, CTAG2, PRAME, and MAGEA9 mRNAs 

have been reported specifically in the myxoid and round-cell subtype.20,21 More recently, 

overexpression of the highly immunogenic cancer-testis antigen NY-ESO-1 was reported in 

myxoid and round cell liposarcomas by both immunohistochemistry and quantitative real-

time PCR.22,23 Expression was seen in 90–100% of samples tested and immunoreactivity 

was strong and homogenous in the majority of positive cases. Of note, occasional expression 

was also reported in the pleomorphic and dedifferentiated liposarcoma subtypes.

Cancer-testis antigen-expressing tumors frequently demonstrate a coordinated expression of 

cancer-testis antigens, meaning more than one cancer-testis antigen is expressed.6 Given the 

consistent over-expression of NY-ESO-1 in myxoid and round cell liposarcoma, we 

evaluated for the expression of the cancer-testis antigens MAGEA1, ACRBP, PRAME, and 
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SSX2 by immunohistochemistry and PRAME, CTAG2, and MAGEA3 by quantitative real-

time PCR.

Materials and methods

Rationale

Frequent and homogenous expression of NY-ESO-1, a highly immunogenic cancer-testis 

antigen, in myxoid and round cell liposarcoma has been recently documented.20,22,23

Herein, we sought to explore the expression of other cancer-testis antigens as a rationale for 

a potential polyvalent immunotherapeutic target in the treatment of this neoplasm.

The MAGE antigens including MAGE1 and MAGE3 are attractive targets previously 

explored in immune-based clinical trials in solid organ malignancies. SSX2 and ACRBP are 

highly immunogenic antigenic targets and so are PRAME and CTAG2. There are 

immunotherapy-based clinical trials targeting PRAME, CTAG2 (in combination with 

CTAG1B) and SSX2 expression in various hematologic and solid organ malignancies.

Case Material

Myxoid and round cell liposarcomas (n= 37) from 1992 to 2010 were retrospectively 

identified from the surgical pathology archives at Wexner Medical Center at The Ohio State 

University. The cases were re-reviewed by a bone and soft-tissue pathologist (OHI), and the 

diagnoses were confirmed by histomorphology per established morphologic criteria.24 Of 

the 37 cases of myxoid and round cell liposarcoma used in the study, 13 cases had been 

confirmed by a positive DDIT3 gene rearrangement determined by fluorescence in situ 

hybridization and/or karyotype analysis demonstrating a t(12;16) (q13;p11) translocation. In 

addition, frozen tissue of myxoid and round cell liposarcomas (n=8), well-differentiated 

liposarcomas (n=3) and dediffer-entiated liposarcomas (n=3) was obtained for quantitative 

real-time PCR.

RNA Extraction and Quantitative Real-Time PCR

The mRNA expression of CTAG2 (encodes LAGE-1), PRAME (encodes PRAME), and 

MAGEA3 (encodes MAGE-A3) was measured by qualitative real-time PCR. Of note, the 

mRNA expression of CTAG1B (encodes NY-ESO-1) in these samples was reported 

previously.22 RNA was extracted from frozen sarcoma samples using Ribozol (Amresco, 

Solon, OH, USA) and a modified manufacturer’s protocol for RNA extraction using Trizol 

reagent (Ambion Life Technologies, Grand Island, NY, USA). RNA was quantitated using a 

NanoDrop-ND 1000 (Thermo Fisher Scientific, Wilmington, DE, USA). One microgram of 

RNA per sample was reverse transcribed using the iScript cDNA synthesis kit (Bio-Rad 

Laboratories, Hercules, CA, USA). Qualitative real-time PCR was performed in 10μl 

reactions according to recommended conditions by Applied Biosystems (Life 

Technologies). Taqman probes for GAPDH (Hs00266705_1), CTAG2 (Hs00535628_m1), 

PRAME (Hs01022301_m1), and MAGEA3 (Hs.PT.39a.22214836) were used. Input cDNA 

was doubled for the MAGEA3 due to low expression. Each sample was measured in 

triplicate. No template controls and no reverse transcriptase controls for each sample were 
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included. Cycle threshold values were averaged across triplicate samples. GAPDH was used 

to calculate percentage relative expression of each sample. Samples were further normalized 

to the expression of the testis-positive control. Standard deviations were calculated by 

comparing delta cycle thresholds for each well in triplicate.

Immunohistochemistry

A representative formalin-fixed, paraffin-embedded block was obtained for each tumor 

(total n=37) and submitted for immunohistochemical staining with antibodies to ACRBP, 

MAGEA1, PRAME, and SSX2 (Table 1). Paraffin-embedded tissue sections (4 μm) on 

positively-charged slides were deparaffinized, rehydrated, and quenched for 5min in a 3% 

hydrogen peroxide aqueous solution to block for endogenous peroxidase. Heat-Induced 

Epitope Retrieval (HIER) was performed in a vegetable steamer (Black & Decker, Madison, 

WI, USA) using 10X Target Retrieval Solution (pH 6.0; Dako, Carpinteria, CA, USA) for 

25min at 96°C. Using the Dako Autostainer Immunostaining System, the sections were 

incubated with the primary antibody for one hour at room temperature. For MAGEA1, a 

detection system using biotinylated goat anti-mouse 2° antibody (Vector Laboratories, 

Burlingame, CA, USA) and Vectastain Elite 3° antibody (Vector Laboratories) was used. 

For ACRBP and PRAME, a detection system using biotinylated goat anti-rabbit 2° antibody 

(Vector Laboratories) and Vectastain Elite 3° antibody (Vector Laboratories) was used. The 

detection system used for the SSX2 monoclonal antibody was the MACH 3 Mouse HRP-

Polymer Detection system (Biocare Medical, Concord, CA, USA). 3,3′-Diaminobenzidine 

(DAB; Dako) served as the chromogen for both the detection systems. The slides were 

counterstained in Richard Allen hema-toxylin and evaluated. The Biotin Blocking System 

(Dako) was utilized with the ACRBP and PRAME antibodies.

Quantitation of Immunohistochemistry

Positive staining was scored semiquantitatively for the percent of tumor cells staining and 

intensity (0, negative; 1+, weak to moderate; 2+, strong), and subcellular location 

(cytoplasmic and/or nuclear).

Results

Quantitative Real-Time PCR

We measured CTAG2, PRAME, and MAGEA3 gene expression by quantitative real-time 

PCR in eight myxoid and round cell liposarcoma samples and one testis-positive control 

sample (Figures 1 and 2). Quantitative real-time PCR demonstrated CTAG2 and PRAME 

mRNA in all eight myxoid and round cell liposarcomas: six samples with high levels and 

two samples with low levels. As previously reported, seven (88%) samples showed gene 

expression of CTAG1B.22 Of note, the same two samples (#1 and #8) showed low 

expression levels of all three genes, consistent with the coordinated expression of CTAG1B, 

CTAG2, and PRAME. The MAGEA3 gene expression was detected in only two samples, 

both of which contained much lower levels compared with the testis control even when 

input cDNA was doubled. As several of the myxoid and round cell liposarcoma samples 

showed high levels of PRAME expression, we also assessed the level of PRAME in three 

well-differentiated liposarcomas and three dedifferentiated liposarcomas. One of the well-
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differentiated liposarcomas showed PRAME expression similar to the testis control. None of 

the dedifferentiated liposarcomas showed high levels of PRAME expression (Supplementary 

Figure 1).

Immunohistochemistry

The results of cancer-testis antigen immunohistochemical staining in myxoid and round cell 

liposarcomas are summarized in Table 2 and Figures 2 and 3. In all, 37/37 (100%) of the 

cases showed immunoreactivity for PRAME seen primarily in a homogenous distribution 

(92% of positive cases showed >50% tumor cell positivity). Furthermore, the majority of 

positive cases (95%) demonstrated strong (2+) staining intensity for PRAME. MAGEA1 

staining was only noted in four (11%) tumors, of which one case demonstrated a 

homogenous distribution. MAGEA1 staining intensity ranged from 1 to 2+. SSX2 

immunoreactivity was noted in six (16%) tumors, seen in a focal distribution (2–25% of 

tumor cells). SSX2 staining intensity was primarily weak (1+) with only one case 

demonstrating 2+ staining. ACRBP was not expressed in any of the myxoid and round cell 

liposarcomas tested. For all positive instances of MAGEA1, PRAME, and SSX2, the 

staining was predominantly nuclear, and both the round cell and myxoid components stained 

similarly.

Discussion

Cancer-testis antigens are immunogenic antigens with an expression largely restricted to 

testicular germ cells and a variety of malignancies, making them attractive targets for cancer 

immunotherapy.5,6 They can be classified into cancer-testis-X and non-X cancer-testis genes 

depending on genomic location on the X chromosome.25 The cancer-testis-X genes have 

been the principal targets of developing immunotherapies.6 The exact physiologic functions 

of most cancer-testis antigens are unknown; however, it is postulated that many are involved 

in germ cell self-renewal or differentiation, conferring tumorigenic qualities such as 

immortality, self-renewal, and migratory ability to cancer cells upon expression.6,26

MAGEA1, MAGEA3, NY-ESO-1, LAGE-1, and SSX2 are all immunogenic cancer-testis-X 

antigens that have been shown to elicit coordinated humoral and cell-mediated immune 

responses.6,7 Moreover, MAGEA1, MAGEA3, and NY-ESO-1 have been targeted in 

clinical trials investigating various immunotherapeutic approaches in melanoma, multiple 

myeloma, synovial sarcoma, and a variety of carcinomas, including lung and ovarian.6,26–31 

Unfortunately, recently reported cross-reactivity between testis-restricted and non-testis-

restricted MAGE antigens may ultimately limit clinical applications of highly active 

immunotherapies targeting the MAGE family antigens.32 The other two cancer-testis 

antigens evaluated in our study are both non-X cancer-testis antigens: PRAME, encoded on 

chromosome 22, and ACRBP, encoded on chromosomes 12.7 PRAME can elicit cytotoxic 

Tcell-mediated immune responses as demonstrated in hematologic malignancies and 

melanoma and was recently targeted in a phase 1 clinical trial.33–35 ACRBP has been shown 

to elicit spontaneous humoral responses in a proportion of carcinomas, but has yet to be 

studied clinically.36,37
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Homogenous overexpression of the highly immunogenic cancer-testis antigen NY-ESO-1 

was recently reported in the majority of myxoid and round cell liposarcomas, demonstrated 

by both quantitative real-time PCR and immunohistochemistry.22,23 Commonly, expression 

of cancer-testis antigens within a tumor is coordinated; thus, more than one is expressed in a 

single tumor.6,9 In the current study, we report an increased protein expression of PRAME, 

SSX2, and MAGEA1 in addition to the increased gene transcription of PRAME and CTAG2 

(LAGE-1) in myxoid and round cell liposarcomas.

As determined by immunohistochemistry, PRAME was overexpressed in 100% of the 

myxoid and round cell liposarcomas evaluated in our study. The finding of PRAME 

overexpression is consistent with previous reports of an increased PRAME mRNA in 

myxoid and round cell liposarcomas.20,21 Interestingly, we found very low levels of PRAME 

mRNA in dedifferentiated liposarcomas and very high level in one of the three well-

differentiated liposarcomas, suggesting that PRAME may be a potential therapeutic target in 

well-differentiated liposarcomas. However, further investigation using a large sample cohort 

is warranted to evaluate the frequency of expression of PRAME in well-differentiated 

liposarcomas. In addition to expression in melanomas, sarcomas, and carcinomas, PRAME 

is unique among cancer-testis antigens; in that, it is frequently overexpressed in 

hematopoietic malignancies, including leukemia and lymphoma.7,38,39 Interestingly, 

PRAME appears to contribute toward tumorigenesis by inhibiting the retinoic acid receptor 

pathway, which prevents retinoic acid-induced proliferation arrest, differentiation, and 

apoptosis, ultimately conferring growth and survival advantages to cancer cells.40

LAGE-1, encoded by the CTAG2 gene, is a closely related homolog of NY-ESO-1, encoded 

by the CTAG1B gene.41 Both LAGE-1 and NY-ESO-1 are overexpressed in various cancer 

types, including melanoma, sarcoma, multiple myeloma, and a variety of carcinomas, 

including lung, head and neck, and ovarian.26,41 In the current study, we described CTAG2 

and PRAME transcripts in all eight myxoid and round cell liposarcoma samples, the majority 

of which demonstrated a higher expression than that seen in normal testis. Our data 

regarding PRAME and NY-ESO-1, reported here and previously, support correlated cancer-

testis antigen mRNA and protein expression.22 In general, tumors with cancer-testis antigen 

mRNA levels of >10% testicular mRNA levels will demonstrate protein expression.6 Thus, 

it is likely that LAGE-1 protein is also frequently overexpressed in myxoid and round cell 

liposarcomas. Frequent expression of the homologs LAGE-1 and NY-ESO-1 enables the use 

of immunotherapies that target a common epitope to both antigens. For instance, 

McCormack et al (2012) recently reported promising preclinical data investigating the novel 

immunotherapeutic agent ImmTAC-NYE (Immune-mobilizing monoclonal T-cell receptors 

Against Cancer-NY-ESO-1).42 ImmTAC-NYE is a bi-specific fusion protein comprised of a 

monoclonal T-cell receptor specific for both NY-ESO-1 and LAGE-1 fused with anti-CD3, 

which activates a potent antitumor T-cell response.

We report an occasional MAGEA1 (11% of cases) and SSX2 (16% of cases) expression and 

essentially no expression of ACRBP and MAGEA3 in our samples of myxoid and round cell 

liposarcoma. Expression of MAGEA1, the first identified cancer-testis antigen, has been 

described in melanomas as well as various carcinomas and sarcomas, but has yet to be 

reported in myxoid and round cell liposarcomas.7,18,43 Interestingly, MAGE gene expression 
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may protect tumor cells from apoptosis by interfering with p53 activity.44 SSX2 expression 

has been described in melanoma, multiple myeloma, and various carcinomas and sarcomas, 

including gene expression in liposarcomas.7,18,45 ACRBP mRNA has been detected in 

various cancers, including bladder, breast, lung, liver, and colon, and protein expression was 

reported in a majority of epithelial ovarian cancer.36,37 SSX2, which appears to function as a 

transcriptional regulator, and ACRBP, which normally localizes to the sperm acrosome 

where it likely functions as a binding protein to proacrosin, are both listed as high priority 

targets for cancer therapy based upon criteria such as antigen specificity, oncogenicity, 

immunogenicity, expression level, and number of identified epitopes.36,46,47 MAGEA3, a 

member of the MAGE family, is one of the most frequently expressed cancer-testis antigens 

in cancer, and gene expression has previously been reported in liposarcomas, but not 

specifically in the myxoid and round cell subtype.7,18,48,49 Unfortunately, the apparent lack 

of ACRBP and MAGEA3 expression in myxoid and round cell liposarcomas precludes their 

utility as an immunotherapeutic target in this particular neoplasm.

The overexpression of PRAME, CTAG2 (LAGE-1), and CTAG1B (NY-ESO-1) supports the 

use of cancertestis antigen-targeted immunotherapy in the treatment of myxoid and round 

cell liposarcoma. Current immunotherapeutic strategies vary and include nonspecific 

immunomodulation, vaccines, and adoptive cellular therapy as well as combination 

strategies.50 In clinical trials evaluating cancer-testis antigen-targeted therapies, a single 

antigen formulation has been utilized most frequently. Herein, we described a coordinated 

expression of multiple cancer-testis antigens in the majority of myxoid and round cell 

liposarcomas, which supports the development of a polyvalent immunothera-peutic 

approach. Furthermore, the homogenous distribution of PRAME and NY-ESO-1 expression, 

which suggests clonal cancer-testis antigen activation, may result in an increased efficacy of 

cancer-testis antigen-targeted therapies in this particular neoplasm.6,22,23,51 Of note, cancer-

testis antigen expression appears to be secondary to promoter hypomethylation, and aberrant 

tumor cell methylation is also the likely mechanism for the coordinated expression of 

multiple cancer-testis antigens.25,52–54

In conclusion, PRAME, CTAG2 (LAGE-1), and CTAG1B (NY-ESO-1) are expressed in the 

majority of myxoid and round cell liposarcomas with frequent homogenous distribution 

demonstrated by immunohistochemistry. Our results support a correlated expression of 

cancer-testis antigen mRNA and protein as well as a coordinated expression of multiple 

cancer-testis antigens. Overall, these findings further support the development of cancer-

testis antigen-targeted immunotherapies in myxoid and round cell liposarcomas.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Quantitative real-time PCR of myxoid and round cell liposarcomas samples. (a) CTAG2 

(LAGE-1), (b) PRAME, (c) CTAG1B (NY-ESO-1) from previously published data,22 and 

(d) MAGEA3 expression in myxoid and round cell liposarcoma samples (1–8). Expression 

was normalized to GAPDH and is plotted at fold expression relative to testis (T).
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Figure 2. 
Cancer-testis antigen expression by immunohistochemistry and quantitative real-time PCR 

in myxoid and round cell liposarcomas. The number of positive cases and the total number 

tested are enumerated above each data column. Of note, the MAGEA3 gene expression in 

both positive cases was below testis control levels. *Includes quantitative real-time PCR 

cases.

Hemminger et al. Page 12

Mod Pathol. Author manuscript; available in PMC 2015 January 08.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 3. 
Cancer-testis antigen immunoreactivity in myxoid and round cell liposarcomas. (a) 

MAGEA1 (× 400), (b) PRAME (× 200), and (c) SSX2 (× 200), were expressed in varying 

proportions and demonstrate a predominantly nuclear staining distribution. (d) ACRBP (× 

200) staining was negative in all samples.
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Table 1

Antibodies used in the study of cancer-testis antigen expression in myxoid and round cell liposarcoma

Antigen Clone Host species Dilution Source

MAGEA1 MA454 Mouse 1:100 Santa Cruz Biotechnology, Dallas, TX, USA

ACRBP Polyclonal Rabbit 1:3000 Novus Biologicals, Littleton, CO, USA

PRAME Polyclonal Rabbit 1:100 Novus Biologicals, Littleton, CO, USA

SSX2 4Al l Mouse 1:100 Novus Biologicals, Littleton, CO, USA
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Table 2

Cancer-testis antigen immunoreactivity in myxoid and round cell liposarcoma

Tumor positivity MAGEA1 ACRBP PRAME SSX2

≥75%  0  0 27  0

50 to <75%  1  0  7  0

25 to <50%  0  0  2  0

5 to <25%  2  0  1  6

<5%  1  0  0  0

Negative 33 37  0 31
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