The Journal of Pathology: Clinical Research

J Path: Clin Res July 2015; 1: 144—159 _
Published online 31 January 2015 in Wiley Online Library

(wileyonlinelibrary.com). DoI: 10.1002/cjp2.16

Cancer-testis antigens PRAME and NY-ESO-1 correlate with
tumour grade and poor prognosis in myxoid liposarcoma

Kunio lura,' Kenichi Kohashi,' Yuka Hotokebuchi,' Takeaki Ishii,' Akira Maekawa,' Yuichi Yamada,'
Hidetaka Yamamoto,' Yukihide lwamoto? and Yoshinao Oda'*

' Department of Anatomic Pathology, Graduate School of Medical Sciences, Kyushu University, Maidashi 3-1-1, Higashi-ku, Fukuoka,
Japan
% Department of Orthopaedic Surgery, Graduate School of Medical Sciences, Kyushu University, Maidashi 3-1-1, Higashi-ku, Fukuoka,
Japan

*Correspondence to: Yoshinao Oda, Department of Anatomic Pathology, Pathological Sciences, Graduate School of Medical Sciences, Kyushu
University, Maidashi 3-1-1, Higashi-ku, Fukuoka 812- 8582, Japan.
e-mail: oda@surgpath.med kyushu-u.ac.jp

Abstract

Myxoid liposarcoma is the second most common liposarcoma. Although myxoid liposarcoma is relatively che-
mosensitive and thus a good candidate for chemotherapy, cases with relapsed or metastatic disease still have
poor outcome. Here, we performed a gene microarray analysis to compare the gene expression profiles in six
clinical myxoid liposarcoma samples and three normal adipose tissue samples, and to identify molecular bio-
markers that would be useful as diagnostic markers or treatment targets in myxoid liposarcoma. This showed
that the cancer-testis antigen PRAME was up-regulated in myxoid liposarcoma. We then performed immuno-
histochemical, western blotting and real-time polymerase chain reaction analyses to quantify the expression
of PRAME and another cancer-testis antigen, NY-ESO-1, in clinical samples of myxoid liposarcoma (n=93),
dedifferentiated (n = 46), well-differentiated (n= 32) and pleomorphic liposarcomas (n= 14). Immunohisto-
chemically, positivity for PRAME and NY-ESO-1 was observed in 84/93 (90%) and 83/93 (89%) of the myx-
oid liposarcomas, and in 20/46 (43%) and 3/46 (7%) of the dedifferentiated, 3/32 (9%) and 1/32 (3%) of
the well-differentiated and 7/14 (50%) and 3/21 (21%) of the pleomorphic liposarcomas, respectively. High
immunohistochemical expression of PRAME and/or NY-ESO-1 was significantly correlated with tumour diame-
ter, the existence of tumour necrosis, a round-cell component of >59%, higher histological grade and
advanced clinical stage. High PRAME and NY-ESO-1 expression correlated significantly with poor prognosis in
a univariate analysis. The myxoid liposarcomas showed significantly higher protein and mRNA expression levels
of PRAME and NY-ESO-1 (CTAG1B) than the other liposarcomas. In conclusion, PRAME and NY-ESO-1
(CTAG1B) were expressed in the vast majority of myxoid liposarcomas, and their high-level expression corre-
lated with tumour grade and poor prognosis. Our results support the potential use of PRAME and NY-ESO-1
as ancillary parameters for differential diagnosis and as prognostic biomarkers, and indicate that the develop-
ment of immunotherapy against these cancer-testis antigens in myxoid liposarcoma would be warranted.
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Introduction mas [1]. Based on morphological features and cytoge-

netic aberrations, liposarcomas are classified into four
Liposarcoma is the most common type of soft tissue  types: (1) well-differentiated liposarcomas (WLSs)/
sarcoma, accounting for at least 20% of adult sarco-  atypical lipomatous tumours, (2) dedifferentiated
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liposarcomas (DDLSs), (3) myxoid liposarcomas
(MLSs) and (4) pleomorphic liposarcomas (PLSs) [2].

MLSs account for more than one-third of all lipo-
sarcomas and 10% of all adult soft tissue sarcomas.
Histologically, MLSs show a continuous spectrum of
characteristics: at one end of the spectrum, the
lesions show a loose proliferation of uniform round-
to-oval cells and lipoblasts with abundant myxoid
stroma, and at the other end of the spectrum they
show poorly differentiated round-cell features [2].
Genetically, MLSs are characterised by reciprocal
chromosomal translocation, most frequently t(12;16)
(q13;pl1) (FUS-DDIT3) or less commonly t(12;22)
(q13;q12) (EWSRI1-DDIT3) [3].

The main treatment for localised MLS is surgery
with or without radiotherapy. Cases with tumour recur-
rence or metastasis have a poor prognosis. With
respect to morphology, the poor prognostic factors that
have been identified are: large tumour diameter
(>10cm), >5% round-cell component, tumour necro-
sis, high mitotic rate and high grade based on differen-
tiation [4-7]. It has been reported that the
overexpression of p53, insulin-like growth factor 2,
insulin-like growth factor 1 receptor, the ret proto-
oncogene and MIB-1 are prognostic biomarkers in
MLS, but that they are not critical [8—10]. Further
studies are needed to identify potential biomarkers
both for prognosis and as therapeutic targets for MLS.

Functional genomics, which permits the simulta-
neous analysis of the expression of thousands of
genes, advanced greatly with the development of
DNA microarray systems in the mid-1990s [11,12].
The DNA microarray technique has been used to
identify disease-associated biomarkers, create gene-
based tumour classifications, distinguish tumour
subclasses and predict outcomes and responses to
chemotherapy [13].

In this study, we attempted to identify new prognos-
tic markers and therapeutic targets for MLS by com-
paring the gene expression profiles in MLS and
normal adipose tissue samples using a gene microarray
analysis. Among the genes up-regulated in MLS com-
pared with normal adipose tissue, we focused on
PRAME (PReferentially expressed Antigen of MEla-
noma) because of its potential use as a target for
immunotherapy. PRAME belongs to the family of
cancer-testis antigens, which have been described as
promising immunotherapy targets because of their
low-level or absent expression in normal tissue (except
testis, which has no human leukocyte antigen (HLA)
class 1 expression) [14,15].

MLS was recently reported to show a high level of
PRAME expression, and other recent studies demon-
strated that another cancer-testis antigen, NY-ESO-1
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[New York ESOphageal squamous cell carcinoma 1]
(CTAGIB), which is also described as a promising
immunotherapy target [16,17], was hyper-expressed
in MLS [18-21]. Correlation of the expression of
PRAME and NY-ESO-1 with tumour grade or poor
prognosis has been reported in several cancers
[22-32]. However, to our knowledge there have been
no studies on the relationship between the expression
of PRAME and NY-ESO-1 and clinicopathological
parameters, or prognosis, in MLS. A study of the
PRAME expression profile in other liposarcoma sub-
types was performed using only real-time PCR for
three DDLS and three WLS samples [21], and a study
of the NY-ESO-1 expression profile in liposarcoma
subtypes also used a small number of samples [20].
We, therefore, investigated the relationship between the
expression of PRAME and NY-ESO-1 and clinicopa-
thological parameters and disease prognosis in MLS,
and studied the expression profiles among liposarcoma
subtypes in a large number of clinical samples.

Materials and methods

Patients and tissue samples

We retrieved 93 paraffin-embedded primary MLS
specimens from the soft tissue tumour files registered
at the Department of Anatomic Pathology, Graduate
School of Medical Sciences, Kyushu University,
Fukuoka, Japan between 1975 and 2013. Each
tumour was reclassified by a bone and soft-tissue
pathologist according to the most recent World
Health Organization classification [2]. The samples
had been obtained from open biopsy specimens or
surgically resected tumours. Specimens obtained after
radiotherapy or chemotherapy were excluded. We
also immunohistochemically examined 92 samples of
other liposarcoma subtypes: DDLS (n=46), WLS
(n=32) and PLS (n = 14). The following numbers of
frozen samples were also available for the respective
tissue types, and were applied to the gene microarray
analysis or real-time polymerase chain reaction
(PCR) analysis: MLS (n =20), DDLS (n = 16), WLS
(n=120) and PLS (n = 3). Finally, as controls for the
gene microarray analysis, we also examined three
samples of surrounding nontumourous adipose tissue
that were obtained from patients with various types
of sarcoma.

The histological grade of each specimen was eval-
uated according to the grading system of the French
Federation of Cancer Centers [33]. For staging, the
system described in the seventh edition of the Ameri-
can Joint Committee on Cancer (AJCC) manual was
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used [34]. The study was approved by the Ethics
Committee of Kyushu University (No. 26-49) and
conducted according to the Ethical Guidelines for
Epidemiological Research enacted by the Japanese
Government.

Cell lines

The human MLS cell lines 402-91, 1765-92 and
2645-94 [35,36] were cultured in Dulbecco’s modi-
fied Eagle’s medium supplemented with 10% fetal
bovine serum plus penicillin and streptomycin.

RNA preparation

RNA was extracted from frozen samples using an miR-
Neasy Mini Kit (Qiagen, Tokyo) according to the man-
ufacturer’s instructions. RNA was quantitated using a
NanoDrop-ND 1000 spectrophotometer (Thermo
Fisher Scientific, Wilmington, DE). One microgram of
RNA per sample was reverse transcribed using a Quan-
tiTect Reverse Transcription kit (Qiagen).

Fusion gene analysis

The fusion gene analysis was performed as previ-
ously described [37] and was based on the original
primers that specifically amplify the fusion gene tran-
scripts of FUS-DDIT3 and EWSRI-DDIT3 (Support-
ing Information Table 1).

Gene microarray analysis

For the Oligo DNA microarray analysis, a 3D-Gene
Human Oligo chip 25k (Toray Industries, Tokyo)
with 25,370 distinct genes was used. For efficient
hybridisation, this microarray has three dimensions
and is constructed with a well as the space between
the probes and cylinder-stems, with 70-mer oligonu-
cleotide probes on the top. Total RNA was labelled
with Cy5 using an Amino Allyl MessageAMP II
aRNA Amplification Kit (Applied Biosystems, Foster
City, CA). The Cy5-labelled aRNA pools and hybrid-
isation buffer were hybridised for 16 h. The hybrid-
isation was performed using the supplier’s protocols
(www.3d-gene.com).

Hybridisation signals were scanned using a Sca-
nArray Express Scanner (PerkinElmer) and processed
by GenePixPro version 5.0 (Molecular Devices, Sun-
nyvale, CA). The raw data for each spot were nor-
malised by subtraction from the mean intensity of the
background signal, which was determined by the
95% confidence intervals of the signal intensities of
all of the blank spots. The detected signals for each
gene were normalised by the global normalisation
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Table 1. Consistently up-regulated genes detected by gene
microarray analysis

Log,

Classification/RefSeq_id Gene symbol (Fold increased)
Tumour antigen

NM_006115 PRAME 7.54

NM_001011544 MAGEAT1 5.92

NM_004988 MAGEAT 4.33
Transport

NM_018203 KLHDC8A 6.41

NM_002237.3 KCNG1 5.83
Transcription and translation

NM_003108 SOX11 8.97

NM_001001933 LHX8 5.01
Signal transduction

NM_000912 OPRK1 4.43
Reproductive system development

NM_032598 SPATA22 4.91
Metabolism

NM_006426.2 DPYSL4 5.46

NM_000550.2 TYRP1 5.28

NM_006157 NELLT 5.12

NM_012253.2 TKTL1 5.11
Inflammatory response

NM_003182 TACT1 9.20

NM_002852 PTX3 6.09
Cell proliferation

NM_001144917.1 FGFR2 4.52
Cell differentiation

NM_003836 DLK1 9.98

NM_001017920.2 DAPL1 5.05
Binding

NM_014981 MYH15 5.38

NM_032229.2 SLITRK6 5.27

NM_133638 ADAMTS19 5.23

NM_015444.2 TMEM 158 4.43

Twenty-two genes that were consistently up-regulated by more than 20-fold
in the MLS compared to the normal adipose tissue.

Abbreviations:  PRAME, preferentially expressed antigen of melanoma;
MAGEAT1, melanoma-associated antigen 11; MAGEAT, melanoma-associated
antigen 1; KLHDC8A, kelch domain-containing protein 8A; KCNG1, potassium
voltage-gated channel subfamily G member 1; SOX71, SRY-box 1; LHX8, LIM
homeobox 8; OPRK1, opioid receptor kappa 1; SPATA22, spermatogenesis
associated 22; DPYSL4; Dihydropyrimidinase-related protein 4; TYRP1,
tyrosinase-related protein 1; NELL1, NEL-like 1; TKTL1, transketolase-like pro-
tein 1; TAC1, tachykinin precursor 1; PTX3, pentraxin 3; FGFR2, fibroblast
growth factor receptor 2; DLK1, delta-like 1 homolog; DAPL1, death-
associated protein-like 1; MYHT5, myosin-15; SLITRK6, SLIT and NTRK-like
family member 6; ADAMTS19, ADAM metallopeptidase with thrombospondin
type 1 motif, 19; TMEM158, transmembrane protein 158.

method (the median of the detected signal intensity
was adjusted to 25).

Immunohistochemical staining and evaluation

Immunohistochemical staining was performed as
previously described [38]. Antigen retrieval was
performed using a pressure boiler with 10mm
sodium citrate (pH 6.0). The rabbit polyclonal
antibody PRAME (PReferentially expressed Anti-
gen of MElanoma) [Sigma-Aldrich, St. Louis,
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Table 2. Expression of cancer-testis antigen genes in myxoid liposarcoma by gene microarray

Fold increased (Log,)

Gene symbol RefSeq_id 1 2
PRAME NM_006115 6.5 7.2
MAGEAT1T NM_001011544 5 6.8
MAGEAT NM_004988 38 5.6
HORMAD1 NM_032132.3 4.4
MAGEA9/A9B NM_005365 2.8 3.6
MAGEA8 NM_005364 2.2 3.4
FATET NM_033085 3

0IP5 NM_007280 2.1

3 4 5 6 Average
7.9 8.3 6.8 7.6 7.54
6.1 7.1 2.8 3.7/ 5.92
4.1 5.1 1.6 2.8 4.33

3.5 3.50
2.6 2.6 1.1 3.2 2.82
2.2 3.1 2.38

2 3.2 1.4 2.30

1.3 2.8 3.5 2.24

Eight cancer-testis antigens were up-regulated by more than fourfold in MLS compared to normal adipose tissue.
Abbreviations: PRAME, preferentially expressed antigen of melanoma; MAGEAT1, melanoma-associated antigen 11; MAGEAT, melanoma-associated antigen 1;
HORMAD1, HORMA domain-containing 1; MAGEA9/A9B, melanoma-associated antigen 9/9B; MAGEAS, melanoma-associated antigen 8; FATET, fetal and adult

testis-expressed 1; OIP5, opa-interacting protein 5.

MO] (1:300) and the mouse monoclonal antibody
NY-ESO-1 (New York ESOphageal squamous cell
carcinoma 1) [E-978; Santa Cruz Biotechnology,
Santa Cruz, CA] (1:100) were used as the primary
antibodies. The immunohistochemical results were
judged by three investigators who were blinded to
the clinical status of the patients. A consensus
judgment was adopted as the proper immunohisto-
chemical result.

The percentage of immunoreactive cells and stain-
ing intensity were evaluated in the most representa-
tive areas. The proportion of immunoreactive cells
was scored from 0 to 4 as follows: 0, <5%; 1, 5% to
<25%; 2, 25% to <50%; 3, 50% to <75%; 4,
>75%. The intensity was scored from O to 3 as fol-
lows: 0, negative; 1, weak staining; 2 moderate stain-
ing; 3, strong staining. The total score (proportion
score + intensity score) were evaluated, and cases
with a total score >3 were judged as positive.

Western blotting

We conducted a western blot analysis as previously
described [37,39] using rabbit polyclonal antibody
for PRAME [Sigma-Aldrich] (1:10,000), mouse
monoclonal antibody for NY-ESO-1 (E978; Santa
Cruz Biotechnology; 1:250) and mouse monoclonal
antibody for f-actin (1:10,000) [C4; Millipore, Bed-
ford, MA]. We also analysed five corresponding nor-
mal  tissues  surrounding the tumour. The
densitometric score of each sample was normalised
by f-actin, and was further normalised to the expres-
sion of the testis tissue in each membrane.

Quantitative real-time reverse transcriptase-
polymerase chain reaction
Quantitative real-time reverse-transcriptase PCR

(RT-PCR) was performed using TagMan probes on
an ABI Prism 7500 sequence detection system
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(Applied Biosystems) following the manufacturer’s
protocol. The TagMan probes for PRAME
(Hs01022301_m1), CTAGIB (cancer/testis antigen
1B) (Hs00265824_m1), which encodes for NY-ESO-
1, and GAPDH (Hs99999905_m1) were purchased
from Applied Biosystems. The final numerical value
(v) in each sample was calculated as follows:
v =tumour (PRAME or CTAGIB mRNA value/
GAPDH mRNA value)/testis (PRAME or CTAGIB
mRNA value/GAPDH mRNA value).

Statistical analysis

Continuous variables are presented as the mean-
s * standard deviation. The chi-square test, Fisher’s
exact test and the Mann—Whitney U-test were used
as appropriate to evaluate the association between
two variables. The Steel-Dwass multiple comparison
test was applied to compare the data of the four
groups. The survival correlations are illustrated with
Kaplan—Meier curves, and survival analyses were
performed using the log-rank test. We conducted a
Cox proportional hazards regression analysis to esti-
mate the hazard ratios for positive risk factors for
death. A two-sided p-value of <0.05 was considered
significant. The data analysis was conducted with the
JMP statistical software package (version 9.0.2; SAS
Institute, Cary, NC).

Results

Gene microarray analysis

Table 1 provides the results of the comparison of the
expression profile of six clinical samples of MLSs
and three normal adipose tissue samples, in which
we identified 22 genes that were consistently up-
regulated by more than 20-fold in the MLS compared
to the normal adipose tissue. Raw data from the
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Table 3. Clinicopathological parameters and survival analysis

Variables Group No. %
Sex Male 52 56
Female 41 44
Age (mean, 45 years; <45 years 45 48
range, 9-78 years)
>45 years 48 52
Diameter <10cm 48 57,
>10cm 31 33
N/A 14
Location B 59 63
D 15 16
R 4 4
T 13 14
HN 1 1
N/A 1
Necrosis None 58 62
<50% 30 32
>50% 5 5
Mitotic count <5/50HPF 82 88
>5/50HPF 11 12
Round component Round <5% 78 84
Round >5% 15 16
FNCLCC grade 1 565 59
2 34 37
4 4
AJCC stage 1 44 47
2 29 31
3 4 4
4 2 2
N/A 14

K lura et al

Analysed groups oS, P DFS, P
Male versus Female 0.0141* 0.008*
<45 versus >45 0.7099 0.6841
<10cm versus >10cm 0.0028* 0.0019*
Extremity versus others 0.7935 0.7986
Proximal versus distal 0.681 0.7882
No necrosis versus existence of necrosis 0.0087* 0.0007*
0-4 versus >5/50HPF 0.3159 0.9149
<5% versus >5% 0.5208 0.026

1 versus 2 0.0527 0.0058*

2 versus 3 0.4596 0.8211

1 versus 2, 3 0.0298* 0.0042*

1,2 versus 3 0.1033 0.3096

1 versus others 0.0257* 0.001*

1,2 versus 3,4 0.0218 0.006*
1,2,3 versus 4 0.0426" <.0001*

Male gender, tumour diameter (>10cm), existence of tumour necrosis, higher FNCLCC grade and higher AJCC stage were identified as the prognostic risk fac-
tors for overall survival and disease-free survival. Round-cell component >5% was a poor prognostic risk factor for disease-free survival.

Abbreviations: P, proximal extremity; D, distal extremity; P, retroperitoneum; T, trunk; HN, head and neck; FNCLCC, French Federation of Cancer Centers; AJCC,
American Joint Committee on Cancer; N/A, not available; HPF, high-power fields; OS, overall survival; DFS, disease-free survival.

*Statistically significant.

microarray analysis are available on the website of
the Gene Expression Omnibus (accession no.
GES59568, http://www.ncbi.nlm.nih.gov/geo/).
Among the up-regulated genes, we focused on the
cancer-testis antigen PRAME. MLS samples were
recently reported to show a high level of PRAME
expression, and other recent studies demonstrated
that another cancer-testis antigen, NY-ESO-1
(CTAG1B), was hyper-expressed in MLS [18-21]. In
our microarray results, 111 cancer-testis antigens
were included, and eight cancer-testis antigens were
up-regulated by more than fourfold compared to their
levels in normal adipose tissue (Table 2). NY-ESO-1
(CTAGIB) was not included in the gene analysis.

Patient and clinicopathological parameters

The clinicopathological data and the results of the
survival analysis for the 93 primary MLS tumours
are summarised in Table 3, and representative H&E
staining results are shown in Figure la,b. More than
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75% of the tumours were located in an extremity,
and a lower extremity was more likely to be affected
than an upper extremity (68 versus 6 cases). Follow-
up information was available for 79/93 patients
(85%) with a follow-up duration of 77.5 months
(range 9-324 months).

Fourteen tumours (15%) contained more than a 5%
round-cell component. The prognostic risk factors
identified for overall survival and disease-free sur-
vival were male gender, tumour diameter (>10cm),
existence of tumour necrosis, higher FNCLCC grade
and higher AJCC stage. Round-cell component >5%
was a poor prognostic risk factor for disease-free
survival.

Fusion gene transcript findings

Among the 20 patients for whom frozen samples
were available, 19 patients showed 18 FUS-DDIT3
and 1 EWSRI-DDIT3 fusion-type genes, respectively.
In the remaining patient, these fusion genes were not

J Path: Clin Res July 2015; 1: 144-159
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Figure 1.(ab) Representative H&E stains of MLS. (a) Pure
myxoid and (b) round cell components. (c-f) The immunohisto-
chemical results of MLS are shown, indicating (c) PRAME inten-
sity 1, (d) PRAME intensity 2, () PRAME intensity 3, (f) NY-
ESO-1 intensity 1, (g) NY-ESO-1 intensity 2 and (h) NY-ESO-1
intensity 3. PRAME demonstrated predominantly nuclear stain-
ing. NY-ESO-1 showed nuclear and cytoplasmic staining. The
magnification was X400 in all panels.

detectable. Among the 73 patients for whom only
formalin-fixed paraffin-embedded materials were
available, large quantities of high-quality total RNA
suitable for an RT-PCR analysis could be obtained in
13 patients. A fusion-type gene was detected in all
13 of these patients; 12 patients showed the FUS-
DDIT3 fusion, and the other patient showed EWSR/-
DDIT3.

Immunohistochemistry in MLS and other
liposarcomas

The results of our immunohistochemical analysis
of MLSs and other liposarcomas are summarised

© 2015 John Wiley and Sons Ltd and The Pathological Society of Great Britain and Ireland
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Table 4. Immunohistochemical results in myxoid liposarcoma
Percentage of

tumour posiivity (%) PRAME NY-ESO-1
>75 20/93 (21%) 17/93 (18%)
50 to <75 36/93 (39%) 40/93 (43%)
25 to <50 24/93 (26%) 22/93 (249%)
5 to <25 10/93 (119%) 5/93 (5%)
0 to <5 3/93 (3%) 9/93 (10%)
Staining intensity PRAME NY-ESO-1
3 19/93 (21%) 36/93 (39%)
2 45/93 (48%) 36/93 (39%)
1 27/93 (29%) 13/93 (149%)
0 2/93 (2%) 8/93 (8%)

The table shows percentage of tumour positivity and staining intensity of
PRAME and NY-ESO-1 in MLS.

in Tables 4 and 5. Expression of PRAME and
NY-ESO-1 was observed in 84 (90%) and 83
(89%) of the 93 MLS cases, respectively. PRAME
was mainly localised in the nuclei, whereas NY-
ESO-1 was localised in the cytoplasm and nuclei
(Figure 1c-h). In the other liposarcomas, the num-
bers of cases positive for PRAME and NY-ESO-1
were 20 (43%) and 3 (7%) among the 46 DDLS,
3 9%) and 1 (3%) among the 32 WLS and 7
(50%) and 3 (21%) among the 21 PLS (Figure 2,
Table 5).

The expression levels of both PRAME and NY-
ESO-1 were significantly higher in MLS than in the
other liposarcoma subtypes (p < 0.001; Figure 3a,b),
and PRAME expression was significantly higher in
the DDLS and PLS than in the WLS by multiple
comparison (p < 0.05). In addition, in the DDLS, the
dedifferentiated component showed significantly
higher PRAME expression compared to the well-
differentiated component (p =0.0035; Figure 3c).
Although NY-ESO-1 expression in the dedifferenti-
ated component was not significantly higher than that
in the well-differentiated component in all DDLS
cases (p =0.837; Figure 3d), in the 3 NY-ESO-1-
positive DDLS cases, NY-ESO-1 expression was
increased in the dedifferentiated component

Table 5. Immunohistochemical results in liposarcomas
Positive cases (percentage of total)

PRAME NY-ESO-1

84/93 (90%) 83/93 (89%)

20/46 (43%) 3/46 (7%)

3/32 (9%) 1/32 (3%)

7/14 (50%) 3/14 (21%)

Subtype

Myxoid
Dedifferentiated
Well-differentiated
Pleomorphic

Positive rate for PRAME and NY-ESO-1 in liposarcoma subtypes.

J Path: Clin Res July 2015; 1: 144-159
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Figure 2. The immunohistochemical results for other liposarcomas are shown, indicating (a) nuclear and cytoplasmic PRAME staining
in a PLS, (b) heterogenous nuclear and cytoplasmic NY-ESO-1 staining in a PLS, (c) nuclear PRAME staining in a DDLS, (d) homoge-
nous nuclear and cytoplasmic NY-ESO-1 staining in a DDLS, (e) nuclear PRAME staining in a WLS and (f) nuclear and cytoplasmic
NY-ESO-1 in a WLS sample. NY-ESO-1 expression was increased in dedifferentiated compared to well-differentiated components. The

magnification was X400 in all panels.

compared to the well-differentiated component (Fig-
ures 2d and 3e). No significant difference in PRAME
or NY-ESO-1 expression was observed between
WLS and the well-differentiated component of
DDLS by immunohistochemistry (data not shown).
In addition, PRAME expression was significantly
associated with coexpression of NY-ESO-1 in the
MLS samples (p <0.0001 by Fisher’s exact test; Fig-
ure 3f).

© 2015 John Wiley and Sons Ltd and The Pathological Society of Great Britain and Ireland

Immunohistochemistry and clinicopathological
parameters

We determined the correlations between the immuno-
histochemical results and the clinicopathological
parameters, the overall survival and the disease-free
survival in MLS. High expression of PRAME and
NY-ESO-1 correlated with the existence of tumour
necrosis, round-cell component >5%, higher

J Path: Clin Res July 2015; 1: 144-159
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Figure 3. Immunohistochemical results for the liposarcoma subtypes and the coexpression of PRAME and NY-ESO-1 in MLSs. (a,b)
PRAME (a) and NY-ESO-1 (b) expression by immunohistochemistry among the liposarcoma subtypes. The MLSs showed significantly
higher PRAME and NY-ESO-1 expression compared to the other liposarcoma subtypes. (c,d) Different expression levels of PRAME (c)
and NY-ESO-1 (d) between the dedifferentiated component and the well-differentiated component in DDLS. PRAME expression was
significantly higher in the dedifferentiated component (p = 0.0035). () In the three NY-ESO-1-positive DDLSs, PRAME expression
was increased in the dedifferentiated component compared to the well-differentiated component. (f) Coexpression of PRAME and
NY-ESO-1. Immunohistochemical expression of PRAME and NY-ESO-1 correlated significantly (p <0.0001 by chi-square test). IHC,
immunohistochemistry; DDLS, dedifferentiated liposarcoma; MLS, myxoid liposarcoma; PLS, pleomorphic liposarcoma; WLS, well-
differentiated liposarcoma; Low, low expression by immunohistochemistry; High, high expression by immunohistochemistry.

FNCLCC grade and higher AJCC stage. Moreover, sion was a significant risk factor for adverse progno-
the tumour diameter (>10cm) correlated with high sis (overall survival and event-free survival; p < 0.05;
PRAME expression (Table 6). High PRAME expres-  Figure 4a,b). High NY-ESO-1 expression was also a
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Table 6. Immunohistochemical results and statistical analysis

K lura et al

No. of PRAME PRAME, No. of NY-ESO-1 NY-ESO-1,
Variables Analysed groups high/low p-value* high/low p-value*
Sex Male versus female 32/20 0.0993 33/19 0.3952
18/23 22/19
Age <45versus >45 years 25/20 0.8358 31/14 0.0911
25/23 24[24
Diameter >10 versus >10cm 22/26 0.0374™ 28/20 0.6421
22/9 20/11
Location Extremity versus others 36/38 0.1129 4727 0.067
13/5 7/11
Proximal versus distal 40/36 1.0 44(32 0.7871
9/7 10/6
Necrosis No necrosis vs 21/37 <0.0001* 25/33 <0.0001*
Existence of necrosis 29/6 30/5
Mitotic count 0-4 versus >5/50HPF 42/40 0.2133 47/35 0.5156
8/3 8/3
Round cell component <5% versus >5% 38/41 0.0099* 43/36 0.0381*
12/2 12/2
FNCLCC grade 1 versus 2,3 20/35 <0.0001* 23/32 <0.0001*
30/8 32/6
AJCC stage 1 versus 2.3.4 17/27 0.0007 ** 18/26 0.0001**
27/8 30/5

High expressions of PRAME and NY-ESO-1 were correlated with the existence of tumour necrosis, round-cell component >5%, higher FNCLCC grade and higher
AJCC stage. The tumour diameter (>10cm) was correlated with high PRAME expression.
Abbreviations: FNCLCC, French Federation of Cancer Centers, AJCC, American Joint Committee on Cancer; HPF, high-power fields.

*Fisher's exact test.
*Statistically significant.

significant risk factor for poor disease-free survival
(p = 0.0188; Figure 4d).

Western blotting

The western blotting results are shown in Figure 5.
PRAME was detected in 10 of the 19 tumour sam-
ples. Among the five cases available with non-
neoplastic samples, PRAME was detected in four
tumour samples, but in no normal tissue samples.
The tumour samples showed significantly higher
expression (mean, 0.748 = 0.304) than the normal tis-
sue samples (mean, 0.08 =0.046; p=0.0208 by
Mann—Whitney U-test; Figure 5d). The samples that
showed high PRAME expression immunohistochemi-
cally showed significantly higher scores (mean,
1.18 =20.26) than the samples that showed low
PRAME expression by immunohistochemistry (mean,
0.34 = 0.20; p = 0.0466; Figure 5f).

NY-ESO-1 was detected in 18 of 19 tumour sam-
ples. In contrast, the normal samples showed no NY-
ESO-1 expression. The tumour samples showed sig-
nificantly higher expression (mean, 4.42 = 2.02) than
the normal tissue samples (0.0282 % 0.0091;
p=0.0117; Figure 5e). Much as for PRAME, the
samples that showed immunohistochemically high
NY-ESO-1 expression showed higher scores (mean,
4.90 £ 1.43) than the samples that showed low NY-
ESO-1 expression by immunohistochemistry (mean,

1.03 £0.22), but not significantly so (p =0.0801;
Figure 5g). In addition, the MLS cell lines 402-91,
2645-94 and 1765-92 showed varying degrees of
PRAME and NY-ESO-1 expression (Figure 5c).

Quantitative RT-PCR and the corresponding
immunohistochemistry

The quantitative RT-PCR results and the correspond-
ing immunohistochemical results for all liposarcoma
subtypes are summarised in Figure 6a,b. All 20 MLS
samples showed the expression of PRAME, and 16
showed higher expression than that in testis. In addi-
tion, all 20 of the MLSs showed a higher level of
CTAGB expression than in the testis.

The MLSs showed substantially higher PRAME
and CTAGIB expression compared to the other lipo-
sarcoma subtypes by multiple comparison (Figure
6¢,d). In the MLSs, the samples that showed high
PRAME and high NY-ESO-1 expression immuno-
histochemically had higher quantitative RT-PCR
scores (mean score for PRAME: 3.45 = (0.69; mean
score for CTAGIB: 17.61 =2091) than the samples
with low PRAME and NY-ESO-1 expression by
immunohistochemistry (mean score for PRAME:
1.47 = 0.35; mean score for CTAGIB: 10.65 £ 2.98),
but not significantly so (PRAME, p=0.0572;
CTAGIB, p=0.2217 by Mann—Whitney U-test; Fig-
ure 6e,f).
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Figure 4. Kaplan-Meier survival curves according to the results of the immunohistochemical study. (a,b) Relationships between
PRAME and overall survival (a) and disease-free survival (b). (c,d) Relationships between NY-ESO-1 and overall survival (c) and
disease-free survival (d). High PRAME expression correlated with poor prognosis, and high NY-ESO-1 expression correlated with

shorter disease-free survival (p < 0.05).

Multivariate analysis

Among the clinicopathological parameters (sex, age,
round cell component, mitotic activity, necrosis,
diameter, location), we detected male gender, tumour
diameter (>10cm) and the existence of necrosis as
independent poor prognostic factors for overall sur-
vival or for disease-free survival (Supporting Infor-
mation Table 2). FNCLCC grade and AJCC stage
were excluded from this multivariate analysis
because they are determined or affected by other
parameters. Each immunohistochemical parameter
was adjusted by the above three independent poor
prognostic factors (gender, tumour diameter and
necrosis; Table 7). Neither high expression of
PRAME nor high expression of NY-ESO-1 was
detected as an independent poor prognostic factor in
the multivariate analysis.

Discussion

Although the function of PRAME in tumourigenesis
has not yet been fully elucidated, it is known that

© 2015 John Wiley and Sons Ltd and The Pathological Society of Great Britain and Ireland

PRAME can bind to the retinoic acid receptor in the
presence of retinoic acid and thereby repress retinoic
acid receptor signalling and TRAIL expression, caus-
ing cell proliferation and preventing apoptosis and
cell-cycle arrest [40,41]. The function of NY-ESO-1
in tumourigenesis also remains poorly understood. In
this study, immunohistochemical analysis revealed
the expression of PRAME and NY-ESO-1 in 90%
(84/93) and 89% (83/93) of the MLS samples, respec-
tively. Moreover, PRAME and CTAGIB mRNA were
detected in 100% (20/20) of the MLSs and, in most
of these samples, both mRNAs were expressed at lev-
els higher than in the testis. Regarding the liposar-
coma subtypes, PRAME and NY-ESO-1 (CTAGIB)
expression were significantly higher in the MLSs than
in the other liposarcomas by both immunohistochem-
istry and quantitative real-time PCR. The immunohis-
tochemical results in MLS were closely related to the
real-time PCR results, but not significantly so.

With respect to the DDLSs, PRAME mRNA
expression was detected in 12/16 (75%) samples, two
of which showed approximately one-half and one-
tenth of the PRAME mRNA expression level in the
testis, respectively; the other 10 samples showed

J Path: Clin Res July 2015; 1: 144-159
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Figure 5. (a-c) Western blotting of PRAME and NY-ESO-1 (a) in MLS tumour samples and corresponding normal tissue, (b) in MLS
tumour samples and (c) in MLS tumour samples and MLS cell lines. PRAME was detected in 11 of 19 tumour samples and NY-ESO-1
was detected in 18 of 19 tumour samples, but not in any normal tissues. The MLS cell lines showed varying degrees of PRAME and
NY-ESO-1 expression. PRAME/Actin and NY-ESO-1/Actin were normalised to the expression of testis tissue in each membrane. (d.e)
Western blot analysis was performed to compare the normal tissue with tumour samples. (d) PRAME and (e) NY-ESO-1 showed
significantly higher expression in tumour samples than normal tissue (p<0.05 by Mann-Whitney U-test). (f) The samples that
showed high PRAME expression in the immunohistochemical study showed significantly higher quantitative values of PRAME/Actin
compared to the low expression samples (p = 0.0466). (g) The samples that showed high NY-ESO-1 expression in the immunohisto-
chemical study showed higher NY-ESO-1/Actin compared to the low expression samples, but not significantly so (p =0.0801). N,
normal tissue; T, tumour; IHC immunohistochemistry; High, high expression by immunohistochemistry; Low, low expression by
immunohistochemistry.

© 2015 John Wiley and Sons Ltd and The Pathological Society of Great Britain and Ireland J Path: Clin Res July 2015; 1: 144-159



PRAME and NY-ESO-I expression in MLS 155

A 'Hc HHHHHHHLHHHLLLLLHHHLOLL-L-L.-LL.. L. - .L...... ... L=5 sevins [LL-
s 10 |
2 1
g I z333 55’5555’3' S
3 01
@
>
B  om
e
b=l
S o000
w
§ 0.0001
000001

MLS DDLS wLS PLS

IHC HHHHHHHLHHHHHLLLHHHUHL - - - - - - - v oo v o] e e e e e e e e e e o |

B
s 100
% 10 LlBlsssnsss I
% 1 4-,4el-”;l:l.l'lI.':"';l"l'-Il“"-'eauuue T e o o P ot A
_‘é ai 5338355355]]!! 5535854 |5
g 0.01
(=3
o 000
§ o
© 0.00001
MLS DDLS wLS PLS

O

g

- B
1
B

CTAG1B foldrelative expression

5
w
@
(=9
g
&= 0.1+
s 0.1
5 0.014 -
s : 0.01- =
% 0.001+ F‘ 'El 0.0014 -
g o . 0.0001 1 —=
< 000N S ™Ms PLS WLS DDLS  MLS PLS WLS
*: P<0.0001,**:0.0458 *: P<0.0001, **:0.0458
E Steel -Dwasstest Steel -Dwass test
o (—
- 2 504
'E £ P=0.0572 b P=0.2217
-3 7 =
[=% > -
5 6 o0
: g
g 3 s
2 44 5
33 2 % [ ]
- @
L =
: o 2
a [&] 0
0
8 Low High Low High
PRAME IHC expression NY-ESO-1 IHC expression

Figure 6. Relative fold expression of (a) PRAME and (b) CTAG1B measured by quantitative real-time PCR and the corresponding
immunohistochemical results. PRAME and CTAG1B expression were normalised by GAPDH, and further normalised to the expression
of a testis sample. (a) PRAME expression was detected in all MLS samples, and 16/20 samples showed higher expression than the
testis sample. PRAME was detected in 12/16 DDLS, 13/20 WLS and 2/3 PLS samples; however, all of them showed a low expression
level. (b) All MLS samples showed significantly higher CTAG1B expression than the testis sample. CTAG1B was detected in 6/16
DDLS, 14/20 WLS and 2/3 PLS samples. One DDLS and one PLS sample showed higher CTAG1B expression than the testis sample, and
the others showed low expression. (c, d) The expression levels of (c) PRAME mRNA and (d) CTAG1B mRNA among the liposarcoma
subtypes. The mRNA levels of PRAME and CTAG1B in the MLSs were significantly higher than in the other liposarcoma subtypes
(p < 0.05 by Steel-Dwass test). (e, f) The association between the expression level of (¢) PRAME mRNA and the immunohistochemical
result, and (f) between CTAGTB mRNA and the NY-ESO-1 immunohistochemical result. The samples that showed high PRAME and
NY-ESO-1 expression by immunohistochemistry showed higher mRNA expression than the samples that showed low expression by
immunohistochemistry, but the differences were not significant. IHC, immunohistochemistry; H, high expression by immunohisto-
chemistry; L, low expression by immunohistochemistry; —, negative expression by immunohistochemistry; ND, not detected, Low, low
expression by immunohistochemistry; High, high expression by immunohistochemistry.
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Table 7. Multivariate survival analysis for immunohistochemical
parameters

Variables 0S DFS 0sS DFS
Sex 0.0228* 0.0019* 0.026* 0.0035*
Diameter 0.0562 0.0158* 0.0395* 0.0097*
Necrosis 0.5898 0.0954 0.1247 0.0394*
PRAME 0.195 0.0658

NY-ESO-1 0.335 0.8412

The table indicates p-values. Each immunohistochemical parameter was
adjusted by the three independent poor prognostic factors (gender, tumour
diameter and necrosis; Supporting Information Table 2).

Abbreviations: 0S, overall survival; DFS, disease-free survival.

*Statistically significant.

even lower levels of PRAME mRNA (<one-
hundredth of the expression in the testis). The immu-
nohistochemical findings were roughly in agreement
with these results: the former two samples showed
low PRAME expression, while 4 of the latter 10
samples showed low expression and the other six
showed negative expression. By real-time PCR, four
samples were PRAME-negative, although one of
these four had shown low PRAME expression by
immunohistochemistry. The reason for this discrep-
ancy was unclear, although it may have been due to
cross reactivity with the primary antibody for immu-
nohistochemistry, and also may have been due to the
low quality of the frozen sample. Real-time PCR
revealed CTAGI/B mRNA expression in 6 of the 16
(37.5%) DDLS samples. One of these cases, which
showed high NY-ESO-1 IHC expression, had a
CTAGIB mRNA expression level threefold higher
than that observed in the testis, while the other five
cases had CTAGI/B mRNA levels less than one-
thousandth of those in the testis.

In the WLS samples, PRAME mRNA expression
was detected in 13/20 cases (65%), but all 13 of
these samples showed very low expression levels
(approximately one-hundredth to one-thousandth of
the PRAME mRNA expression in the testis). Two of
these 13 cases showed low PRAME expression by
immunohistochemistry. Low CTAGIB mRNA expres-
sion was also detected in 14/20 samples (70%), but
none of the 20 samples showed NY-ESO-1 expres-
sion by immunohistochemistry. No frozen samples
were included among the immunohistochemically
NY-ESO-1-positive WLS cases.

In the PLS samples, PRAME mRNA expression
was detected in 2/3 (67%), one of which showed
one-fifth of the PRAME mRNA expression seen in
the testis, and the other of which showed very low
PRAME mRNA expression. These two cases also
showed low PRAME expression immunohistochemi-
cally. CTAGIB mRNA was also detected in two of
the three samples (67%) by quantitative real-time

© 2015 John Wiley and Sons Ltd and The Pathological Society of Great Britain and Ireland

K lura et al

PCR, and in one of these two samples the CTAGIB
mRNA expression was higher than that in the testis.
However, these two CTAGIB mRNA-positive cases
showed no NY-ESO-1 expression by
immunohistochemistry.

Recently published studies have reported that NY-
ESO-1 was expressed in 100% (25/25) and 89% (16/
18) of the MLS samples, and in 10% (1/10) of the
DDLS, none (0/10) of the WLS and 50% (3/6) of the
PLS samples and that PRAME was expressed in
100% of 37 MLSs by immunohistochemistry
[19-21]. Our data are nearly coincident with these
results and, as with NY-ESO-1, PRAME was highly
expressed in the MLSs among the liposarcomas in
this study. Therefore, evaluation of the immunoex-
pression of PRAME and NY-ESO-1 may be a useful
diagnostic tool to distinguish MLSs from other
liposarcomas.

PRAME and NY-ESO-1 are known to be cancer-
testis antigens recognised by specific cytotoxic T
Ilymphocytes, and both are considered promising tar-
gets of immunotherapy [15]. In a previous study,
cancer-testis antigens were expressed only in tumour
tissues of various histological origins but not in nor-
mal somatic tissues (except for testis tissue which
had no expression of HLA class 1 and was not recog-
nised by cytotoxic T lymphocytes) [14]. Moreover,
high expression of PRAME has been reported to cor-
relate with high tumour grade in urothelial carcinoma
and head and neck squamous cell carcinoma, and to
correlate with poor prognosis in breast cancer, osteo-
sarcoma, neuroblastoma and serous ovarian adenocar-
cinoma [22-27]. In addition, other studies have
shown that high NY-ESO-1 expression correlated
with high tumour grade in urothelial carcinoma,
breast cancer, malignant melanoma and transitional
cell carcinoma, and with poor prognosis in head and
neck cancer and nonsmall cell lung cancer
[22,28-32]. To our knowledge, however, the correla-
tion between PRAME or NY-ESO-1 expression and
clinicopathological data or prognosis had not been
evaluated in MLSs prior to this study. Our results
showed that PRAME and NY-ESO-1 (CTAGIB)
were highly expressed in MLSs in a coordinated
manner, and that their expression correlated with his-
tological grade, clinical stage and poor prognosis.
The previous report showed no difference in NY-
ESO-1 expression between the myxoid and round
cell components, but the small number of samples in
that study may have affected this finding [20].
Hence, our results suggest that these cancer-testis
antigens may become a new target of immunotherapy
and may serve as potential prognostic markers in
MLS.
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Among the clinicopathological parameters, we
found that male gender, tumour diameter (>10cm),
the existence of necrosis, higher histological grade
and advanced clinical stage were poor prognostic fac-
tors for overall survival and disease-free survival. In
contrast, round-cell component >5%, which is often
used as a prognostic factor, correlated with poor
prognosis only in disease-free survival [5—7]. The rel-
atively small number of cases enrolled in this study
could have affected this result.

Male gender was a poor prognostic factor in the
multivariate analysis. A recent study was the first to
report that male gender was an independent poor
prognostic factor in MLS. The same study went on
to examine the expression of hormone receptors in
MLS, and found that they were negligible [42]. Our
present findings indicated that men were significantly
more likely to have a round-cell component (13/39
versus 1/40; p =0.0026 by Fisher’s exact test) and
higher histological grades (Grade 1 versus 2/3: 26/26
versus 12/29; p=0.0435 by chi-square test). The
expression of PRAME and NY-ESO-1 was also
higher in males than females, but the difference was
not significant. Further studies will be needed to elu-
cidate the relation between gender and MLS. We
also found that the presence of necrosis and >10cm
tumour diameter were independent prognostic factors,
as had also been observed in previous reports [4—7].

It is still unclear whether PRAME and NY-ESO-1
are involved in the tumourigenesis of MLS, and what
mechanisms underlie the expression of these antigens
in this tumour. Regulation of the expression of
PRAME, NY-ESO-1 and other cancer-testis antigens
by promoter region hypomethylation has been
described [43-46]. However, further elucidation of
the functions and the epigenetic regulation of these
cancer-testis antigens in MLS will clearly be needed.
In summary, PRAME and NY-ESO-1 (CTAGIB)
were expressed in the majority of the MLS samples
examined, and their expression in MLS was signifi-
cantly higher than in the other liposarcoma subtypes.
Moreover, the high expression of PRAME and NY-
ESO-1 correlated with higher tumour grade and poor
prognosis. Our results support the potential use of
PRAME and NY-ESO-1 as ancillary parameters for
differential diagnosis and as prognostic markers of
MLS, as well as the further development of immuno-
therapy against the cancer-testis antigens in MLS.
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