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Abstract

Objectives: Although Hodgkin’s lymphoma (HL) is one of the
most curable cancers in adult patients, new targets have to
be defined in cases resistant to traditional chemotherapy.
The preferentially expressed antigen of melanoma (PRAME)
is a cancer testis antigen and its expression is very scarce or
absent in normal tissues. For this reason PRAME is a promis-
ing candidate for tumor immunotherapy. The aim of this
study is to understand the correlation of PRAME expression
with prognostic factors in HL, to determine the utility of
PRAME as a targeted molecule for immunotherapy and to
compare real-time polymerase chain reaction (real-time
PCR) and immunohistochemistry (IHC) for the detection of
PRAME. Methods: In 82 patients, PRAME was studied using
real-time PCR and IHC. Data analyses were performed using
statistical methods such as t test, Mann-Whitney U test, x2
test, Kaplan-Meier method, log-rank test and Cox regression
analysis. Results: PRAME was detected in 15 (18.3%) patients

using IHC and in 8 (9.8%) patients using real-time PCR. A cor-
relation was found between PRAME positivity and higher In-
ternational Prognostic Score (p = 0.039). PRAME positivity
detected using real-time PCR was found to be correlated
with shorter disease-free survival (DFS) and overall survival
(OS, p = 0.0005). Discussion: The demonstration of PRAME
especially in histiocytes and Reed-Sternberg cells may pro-
vide guidance forimmunotherapy. Although PRAME positiv-
ity increases the risk for death (3.56), independent risk fac-
tors that affected DFS and OS occurred in advanced age and
high-risk groups. Conclusion: Although real-time PCR is sen-
sitive in the detection of PRAME, IHC can be another useful
method. Despite the need for studies conducted on larger
patient samples, PRAME expression is considered as a poor

prognostic parameter in HL. ©2015 5. Karger AG, Basel

Introduction

Hodgkin’s lymphoma (HL) is a heterogeneous tumor
that develops from germinal center and postgerminal
center B cells and that has a cell composition including
Reed-Sternberg cells and some of its variant neoplastic
cells on an inflammatory basis [1]. Although HL is one of
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the tumors for which cure is most achieved, 20-30% of
the cases do not respond to conventional chemothera-
peutic regimens. For this reason it is important to deter-
mine novel prognostic and predictive factors and also im-
munotherapy approaches.

Preferentially expressed antigen of melanoma
(PRAME) has been described in malignant melanoma as
a tumor-related antigen recognized with autologous cy-
totoxic T cells against surface antigen [2]. It is not ex-
pressed or only slightly expressed in normal tissues, ex-
cept testicles, ovaries, endometrium and adrenal glands
[3, 4]. PRAME has been shown to be expressed in many
tumors as a tumor antigen and PRAME expression has
been detected in 88-95% of malignant melanoma, in 39%
of head and neck carcinoma, in 46-78% of non-small cell
lung cancer, in 41% of renal-cell cancer, in 39% of malig-
nant mesenchymal tumors, in 27% of breast cancer and
in 33% of acute leukemia [5]. In most of these tumors
PRAME has been found to be a poor prognostic factor
[6-15]. Information about PRAME expression and its
prognostic value in HL is very limited. In a study per-
formed by Staege et al. [16] it was demonstrated that
PRAME has been found to be expressed only in cell lines
belonging to patients with resistant HL [17]. In the study
performed by Willenbrock et al. [18], when patients with
HL were compared with those with anaplastic large cell
lymphomas and B cell non-Hodgkin lymphoma, PRAME
expression was found to be higher in HL.

The aim of this study is to investigate the PRAME ex-
pression in HL and to determine the correlation of
PRAME with very well-known prognostic factors in HL
and also to compare immunohistochemistry (IHC) and
real-time polymerase chain reaction (real-time PCR) in
the detection of PRAME.

Materials and Methods

Prior to the beginning of the study, the study protocol was re-
viewed and approved by the local ethics committee, in accordance
with the ethical principles for human investigations, as outlined by
the Second Declaration of Helsinki. We included 82 HL patients
diagnosed and treated between 1998 and 2012 in the study. The
risk of the patients was determined according to the International
Prognostic Score (IPS). Staging was performed according to the
Ann Arbor staging system (Cotswolds modification).

The patients were divided into three risk groups: early-stage
favorable (without risk factor) and unfavorable (with risk factor)
groups and advanced-stage group (stage IIB with risk factors and
stage III-1V). Risk factors were high erythrocyte sedimentation
rate (=50 mm/h), any B symptoms, mediastinal mass ratio greater
than 0.33, number of nodal sites >3 and the presence of a mass
>10 cm.
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Immunohistochemistry

Immunohistochemical evaluation was done by avidin-biotin-
peroxidase method and graded as (-), (+) and (++) by PRAME
staining characteristics. As the number of PRAME (+) subjects was
relatively small, the subjects were divided into two groups accord-
ing to their PRAME staining characteristics.

Real-Time PCR

Total RNA was isolated from formalin-fixed and paraffin-em-
bedded tissue sections by using the High Pure miRNA Isolation
Kit (Roche Diagnostics, 05080576001). QuantiTect PRAME and
ACTB (beta-actin as housekeeping gene) primers (Qiagen) were
used for real-time PCR reactions. cDNA reactions performed by
using the miScript RT Kit (Qiagen) with manufacturers’ recom-
mendations. cDNA samples were preamplified by using PRAME
and ACTB primer pools with TagMan PreAmp Master Mix (Life
Technologies) for 14 cycles. Unbound primers were removed by
using exonuclease (New England Biolabs, MO293L). Real-time
PCR analyses were performed with Fast EvaGreen qPCR Master
Mix (Biotium, 31003-1) on a PikoReal 96 Real-Time PCR System
(Thermo Scientific).

Statistical Method

The consistence of the data with normal distribution was test-
ed; continuous variables that showed normal distribution were
analyzed using t test in independent groups, and continuous vari-
ables that did not show normal distribution were analyzed using
Mann-Whitney U test. Categorical variables were analyzed using
X2 test. For survival analyses, the Kaplan-Meier method and log-
rank test were used. For multiple comparisons, Cox regression
analysis was used. The results were expressed as mean + standard
deviation, median (lower limit and upper limit), number and
percentage; p < 0.05 was considered as statistically significant.
Statistical analysis of the data was performed using SPSS 16.0
software.

Results

The duration of mean follow-up was found tobe 51.5 +
39.0 months and median follow-up was 45.6 months
(min. 1, max. 152) for all patients. Forty-three (52.4%) of
82 patients were male and 61 (74.4%) were under the age
45. Fifty-six of the patients (68.3%) had B symptoms. Sev-
en of the patients (8.5%) had stage I, 40 (48.8%) had stage
11, 24 (29.3%) had stage III, and 11 (13.4%) patients had
stage IV disease. Forty-four (53.6%) of the patients had
mediastinal involvement, 15 (18.3%) had extranodal in-
volvement. Twenty-nine (35.4%) patients were in the fa-
vorable early-stage group, 23 (28%) patients in the early-
stage unfavorable group and 30 (36.6%) patients had ad-
vanced-stage disease. IPS was low (1-3) in 73 (89%)
patients and high (>4) in 9 (11%). Complete response has
been achieved in 58 patients (70.7%), recurrent disease
has been observed for 28 (34.1%).
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As a first-line therapy, the ABVD protocol (doxorubi-
cin, bleomycin, vinblastine, and dacarbazine) was admin-
istered to 77 (93.9%) of 82 patients. In 28 patients, disease
recurrence occurred. In patients with first disease recur-
rence, the DHAP protocol (dexamethasone, cytarabine,
cisplatin) was the most frequently used treatment regi-
men, as salvage therapy. The ICE protocol (ifosfamide,
carboplatin, etoposide), gemcitabine plus either vinorel-
bine or oxaliplatin or cisplatin, and brentuximab alone
were the other salvage protocols used with less frequency
than DHAP.

Immunohistochemistry

PRAME expression was detected in 15 patients using
IHC staining (18.3%). Among these patients, 4 had mixed
cellular type, 9 had nodular sclerosis (NS), 1 had nodular
lymphocyte predominant, and 1 had lymphocyte-deplet-
ed type HL.

Real-Time PCR

PRAME was detected in 8 patients (9.8%) by real-time
PCR. PRAME expression by this method was highly vari-
able and changed from very slight expression to an ex-
pression higher than 244-fold (1.52- to 244.51-fold). Of
the patients in whom PRAME positivity was detected us-
ing real-time PCR, 3 had mixed cellular, 4 had NS, 1 had
lymphocyte-depleted HL whereas 1 had HL that could
not be classified.

There was no difference for age, basal biochemical
tests, involved area and IPS in PRAME-positive and neg-
ative cases both in IHC and real-time PCR.

PRAME detected by IHC was more commonly found
in men as compared with women. The incidence of
PRAME expression detected using real-time PCR was
higher in patients aged 45 years and above. The presence
of B symptoms was more commonly seen in PRAME-
positive patients detected both by IHC and real-time
PCR, but the difference was statistically nonsignificant.
When compared by stages, PRAME expression was de-
tected mostly in advanced-stage disease (stage III-IV dis-
ease) and also in patients who were found to have involve-
ment of 4 or more lymph node sites. Mediastinal involve-
ment was found to be more common in subjects with
PRAME expression. However, none of these compari-
sons showed statistically significant differences. The inci-
dence of PRAME expression detected by IHC was similar
among the low- and high-risk groups. However, PRAME
expression detected by real-time PCR was found to be
higher in the high-risk group of patients. Again the dif-
ferences were not statistically significant. Higher IPS was

PRAME Expression in Hodgkin’s
Lymphoma

found in cases with PRAME expression detected by real-
time PCR and the difference was significant (p = 0.039).
Table 1 shows the PRAME expression by IHC and real-
time PCR.

Survival Analyses

We found shorter disease-free survival (DFS) in cases
with PRAME expression detected by real-time PCR (p =
0.0005, table 2). Although PRAME positivity was associ-
ated with longer DFS as compared with PRAME-negative
cases (118 vs. 61 months), the difference was not statisti-
cally significant. DFS was found to be shorter in older age
(age above 45 years, p = 0.0001), in advanced stage (p =
0.007), in advanced risk group (p = 0.05), in patients with
high IPS (p = 0.0001), in the presence of recurrence (p =
0.005) and relapse duration less than 12 months (p =
0.035).

In overall survival (OS) analysis, the patients with
PRAME expression by real-time PCR had shorter sur-
vival time as compared to negative patients (p = 0.005,
table 3). Although the patients in whom PRAME expres-
sion was detected using IHC had an OS advantage (149
vs. 79 months), no statistically significant difference was
found. Older age (p =0.0001), advanced stage (p = 0.007),
and high IPS (p = 0.0001) were found to be associated
with shortened OS and these differences were found to be
statistically significant (table 3).

Multiple regression (Cox regression) analysis was used
to determine independent risk factors for DFS and OS
and results are shown in table 4. Age and risk groups were
found to be independent risk factors affecting survival.
Although PRAME positivity was found to be an increased
risk for death (OR 1.63, 95% CI 0.31-8.61), this was not a
significant factor.

Discussion

In this study, PRAME expression was studied on par-
affin-embedded tissue using both real-time PCR and IHC
methods. Nearly in all studies designed to detect the
PRAME expression to date fresh tissue and the real-time
PCR method have been used. In this study, in addition to
the real-time PCR, the IHC method was applied to the
same samples and it was aimed to investigate the compa-
rability of real-time PCR and IHC methods. Our primary
aim was to see whether PRAME can be analyzed using a
practical, easy and cost-effective method. In this study
PRAME positivity was detected in 15 patients (18.3%)
with THC analysis and in 8 patients (9.8%) by real-time
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Table 1. Comparison of patient characteristics with PRAME IHC and real-time PCR data

PRAME IHC p PRAME real-time PCR p
negative, n positive, negative, n positive,
n (%) n (%)
Gender
Female 34 5(12.8) 0.175 35 4(10.3) 0.587
Male 33 10 (23.3) 39 4(9.3)
Age, years
<45 50 11 (18) 0.575 57 4(6.6) 0.111
>45 17 4(19) 17 4(19)
Localization (N = 76)
Below diaphragm 5 1(16.7) 0.525 5 1(16.7) 0.790
Above diaphragm 37 7 (15.9) 40 4(9.1)
Below and above diaphragm 19 7 (26.9) 24 2(7.7)
B symptoms
Yes 45 11 (19.6) 0.765 49 7 (12.5) 0.425
No 22 4 (15.4) 25 1(3.8)
Leukocytes, x10%/1
<15 63 14 (18.2) 0.646 70 7 (9.1) 0.410
>15 4 1(20) 4 1(20)
Hemoglobin, g/dl
>10.5 49 13 (21) 0.226 56 6 (9.7) 0.629
<10.5 18 2(10) 18 2 (10)
Lymphocytes, X10%/1
>0.6 56 15 (21.1) 0.092 64 7(9.9) 0.709
<0.6 11 0(0) 10 1(9.1)
Albumin, g/dl
>4 40 9(18.4) 0.983 45 4(8.2) 0.409
<4 27 6(18.2) 29 4(12.1)
Sedimentation/h
<50 37 10 (21.3) 0.304 44 3(6.4) 0.206
>50 30 5(14.3) 30 5(14.3)
B,-Microglobulin (N = 54)
>N 17 6(26.1) 0.766 21 2(8.7) 0.488
N 24 7 (22.6) 27 4(12.9)
Stage
I 6 1(14.3) 0.697 7 0(0) 0.637
II 33 7 (17.5) 36 4 (10)
III 18 6 (25) 22 2(8.3)
v 10 1(9.1) 9 2(18.2)
Number of sites involved?® (N = 76)
1-3 39 9(18.8) 0.777 44 4(8.3) 0.513
>4 22 6(21.4) 25 3(10.7)
Mediastinal involvement
No 33 5(13.2) 0.204 35 3(7.9) 0.442
Yes 34 10 (22.7) 39 5(11.4)
Extranodal involvement
No 54 13 (19.4) 0.449 62 5(7.5) 0.157
Yes 13 2(13.3) 12 3 (20)
Risk group
Stage I-1I good 23 6 (20.7) 0.743 28 1(3.4) 0.227
Stage I-1I poor 20 3(13) 21 2 (8.7)
Stage III-1V 24 6 (20) 25 5(16.7)
IPS
1-3 59 14 (19.2) 0.480 68 5(6.8) 0.039
202 Acta Haematol 2015;134:199-207 Ercolak et al.
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Table 1. (continued)

PRAME IHC p PRAME real-time PCR p
negative, n positive, negative, n positive,
n (%) n (%)
>4 8 1(11.1) 6 3(33.3)
Recurrence
No 43 11 (20.4) 0.361 49 5(9.3) 0.558
Yes 24 4(14.3) 25 3(10.7)
Type of response
Complete 47 11 (19) 0.539 53 5 (8.6) 0.430
Partial 20 4(16.7) 21 3(12.5)
Relapse duration (N = 28)
<12 months 6 0 (0) 0.470 6 0 (0) 0.611
>12 months 19 3(13.6) 20 2(9.1)
n = Number of patients; N = number of evaluated patients.
2 Sites involved were positive in 14 patients for IHC and in 7 patients for PCR.
Table 2. DES data in the patients in whom PRAME expression was analyzed
Total, Events, Mean Median p° Total, Events, Mean Median p®
n n? n n?
PCR Extranodal involvement
(=) 74 10 124 155 0.0005 Yes 15 5 88 - 0.066
(+) 8 4 40 20 No 67 9 124 155
IHC Risk group
=) 67 12 118 155 0.800 Stage I-II good 29 2 135 - 0.050
(+) 15 2 61 - Stage I-II poor 23 2 114 120
Gender Stage III-IV 30 10 96 97
Male 43 9 100 120 0.132 IPS
Female 39 5 128 155 0 13 2 136 155 0.0001
Age, years 1 29 2 132 -
<45 61 5 135 155 0.0001 2 23 2 114 120
>45 21 9 37 47 3 8 1 50 -
B symptoms 4 3 2 18 18
Yes 56 10 106 120 0.467 5 6 5 41 20
No 26 4 131 155 IPS
Sedimentation/h 1-3 73 7 129 155 0.0001
<50 47 6 115 120 0.608 >4 9 7 36 20
=50 35 8 115 155 Recurrence
B,-Microglobulin (N = 54) No 54 5 141 155 0.005
>N 23 3 109 - 0.426 Yes 28 9 86 97
N 31 4 119 - Type of response
Stage Complete 58 8 86 97 0.905
I 7 1 127 - 0.007 Partial 24 6 119 155
II 40 2 136 155 Relapse duration (N = 28)
III 24 5 107 - <12 months 6 1 7 - 0.035
v 11 6 72 47 >12 months 22 8 102 120
Number of sites involved (N = 76) Overall 82 14
1-3 48 6 125 120 0.080
>4 28 7 92 97 n = Number of patients; N = number of evaluated patients.
Mediastinal involvement 2 Number of events n = 7 for $,-microglobulin, n = 13 for the
Yes 44 9 113 155 0.500 number of sites involved, n = 9 for relapse duration. ® log-rank
No 38 5 118 120 test.
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Table 3. OS data in the patients in whom PRAME expression was analyzed

Total,n Events,n* Mean Median p° Total, n Events,n* Mean Median p°
PRAME real-time PCR Extranodal involvement
(=) 74 10 156 198 0.005 Yes 15 5 97 - 0.122
(+) 8 4 68 80 No 67 9 156 198
PRAME IHC Risk group
) 67 12 149 198 0.707 Stage I-11
(+) 15 2 79 - good 29 2 139 -
Gender Stage I-1I
Male 43 9 107 124 0.145 poor 23 2 120 124 0.057
Female 39 5 160 198 Stage III-IV 30 10 123 100
Age IPS
<45 61 5 169 198 0.0001 0 13 2 173 198 0.0001
>45 21 9 71 66 1 29 2 138 -
B symptoms 2 23 2 118 124
Yes 55 10 116 - 0.800 3 8 1 112 -
No 27 4 154 198 4 3 2 53 25
Sedimentation/h 5 6 5 52 25
<50 47 6 119 124 0.832 IPS
=50 35 8 151 198 1-3 73 7 165 198
B,-Microglobulin (N = 54) >4 9 7 53 49 0.0001
>N 23 3 117 - 0.485 Recurrence
N 31 4 121 - No 54 5 179 198
Stage Yes 28 9 108 124 0.083
I 7 1 131 - 0.007 Type of response
II 40 2 178 198 Complete 58 8 104 - 0.991
111 24 5 117 - Partial 24 6 151 198
v 11 6 80 66 Total survival 82 14
Number of sites involved (N = 76)
1-3 48 6 139 124 0.124
>4 28 7 103 -
Mediastinal involvement n = Number of patients; N = number of evaluated patients.
Yes 44 9 148 198 0.413 ? Number of events n = 7 for B,-microglobulin, n = 13 for the
No 38 5 125 - number of sites involved. ° log-rank test.

Table 4. The results of multiple regression (Cox regression) analysis used to determine independent factors that determine total sur-
vival and DFS

Overall survival DFS
b OR 95% CI p b OR 95% CI p
PRAME (IHC) 0.49 1.63 0.31-8.61 0.568 -0.30 0.74 0.15-3.70 0.716
Risk group
No ref. ref.
Low (F) -0.07 0.93 0.12-7.06 0.947 0.47 1.61 0.22-11.98 0.644
High (III-1V) 1.62 5.04 1.03-24.62 0.046 1.87 6.51 1.36-31.13 0.019
Age 0.09 0.000 1.05-1.14 0.000 0.10 1.11 1.05-1.16 0.000
PRAME (PCR) 1.28 3.58 0.89-14.48 0.074 0.90 2.47 0.67-9.06 0.174
Risk group
No ref. ref.
Low (F) 0.23 1.26 0.16-9.77 0.826 -0.25 0.78 0.10-5.85 0.810
High (II1-1V) 1.62 5.05 0.99-25.66 0.051 1.29 3.64 0.70-18.80 0.123
Age 0.10 1.11 1.05-1.16 0.000 0.09 1.10 1.05-1.14 0.000

OR = Odds ratio; CI = confidence interval; b = coefficient; F = favorable.
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PCR. The detection of PRAME in fewer subjects using
real-time PCR may be attributed to RNA loss that oc-
curred during the fixation or waxing steps. For this rea-
son, fresh tissue is more appropriate for PRAME analysis
with real-time PCR. We found that the rate of PRAME in
HL is between 10 and 20%. We could not compare these
results with other studies due to the lack of larger studies
of PRAME expression in HL.

In 4 of the patients, PRAME was detected both by IHC
and real-time PCR. On the other hand, PRAME was de-
tected in 4 patients using real-time PCR, but in these pa-
tients PRAME could not be detected using IHC. Of the
patients in whom PRAME was detected using real-time
PCR, 3 had mixed cellular HL, 4 had NS, and 1 had lym-
phocyte-depleted HL, whereas 1 had unclassified classical
HL. Briefly, while there was no marked difference in sub-
types of HL in whom PRAME was detected using real-
time PCR, 60% of the subjects in whom PRAME was de-
tected by IHC had NS type. The clinical relevance of this
finding is not clear, but the higher rate of PRAME expres-
sion in patients with NS type may suggest that PRAME
may be a target for immunotherapy in this subtype.

In our study patients with PRAME detected by real-
time PCR had older age and had higher IPS risk score (p =
0.077 and p = 0.039, respectively). Indeed, despite the ab-
sence of a statistical difference, mean IPS was 2.5 in the
patients in whom PRAME was detected using real-time
PCR and 1 in PRAME-negative patients. In other words,
PRAME expression was correlated with poor IPS in both
methods. This finding is important due to the correlation
between PRAME expression and two strong prognostic
parameters. This finding suggests that the PRAME ex-
pression detected by real-time PCR may be a poor prog-
nostic indicator in patients with HL.

In survival analyses, although both progression-free
survival and OS analysis were found to be shorter in
PRAME expression detected by IHC and/or real-time
PCR, only the PCR method was found to be statistically
significant (tables 2, 3). Based on multiple regression
analysis PRAME positivity was found to be associated
with risk of death. In the high-risk group, DFS was one of
the independent risk factors affecting DFS; the risk was
found to be increased in cases expressing PRAME.

In various tumors, PRAME expression has been found
to be correlated with poor prognosis [6-15]. In hemato-
poietic neoplasias, PRAME has been found to be a poor
prognostic indicator. However, this is not a rule and
PRAME has been found to be correlated with good prog-
nosis in some cases of acute myelocytic leukemia and in
some cases with acute promyelocytic leukemia [19-29].

PRAME Expression in Hodgkin’s
Lymphoma

However, the situation is different in chronic leukemias.
The detection of PRAME in the progression of chronic
myelocytic leukemia is quite exciting [5, 25, 30]. Studies
exploring PRAME expression in HL are limited. Van Bar-
en [24] detected PRAME in only 1 of 7 patients. On the
other hand, Staege et al. [16] detected PRAME expression
only in patients with resistant HL [31, 32]. Willenbrock
et al. [18] found very high PRAME expression in cases
with HL as compared with patients with anaplastic large
cell lymphoma and B-cell non-Hodgkin lymphoma.
These findings suggest that PRAME is a poor prognostic
indicator in HL. In our series, 9 of 15 patients in whom
PRAME was detected by IHC had NS subtype and 4 of 8
patients in whom PRAME was detected by real-time PCR
had NS subtype. In a study performed using monoclonal
antibody that recognizes MAGE-A4, 11 of 53 patients
with HL (21%) showed expression. Interestingly, strong
expression was detected especially in Reed-Sternberg
cells and it was not detected in other cells of the environ-
ment [33]. In our IHC analysis, the demonstration of ex-
pression in Reed-Sternberg cells may suggest that these
cells can be a good target for immunotherapy. With these
results we can suggest that especially when a PRAME
study is planned in fresh tissues in HL, it would be useful
to perform the PRAME study by separating these cells by
microdissection.

PRAME may be a potential target for therapeutic ap-
proaches in the future if it is detected in larger series
where PRAME is expressed at high rates in resistant HL
[16]. On the other hand, high PRAME expression has
been found to be associated with increased resistance to
chemotherapy in diffuse large B cell lymphoma and in
HL. Kawano et al. [34] examined the gene expression pat-
tern in patients who are susceptible and those who are
refractory to anthracycline-containing therapy. They
found that the expression of 9 genes was increased in the
refractory group and greater increase was seen in PRAME
among these genes. In this study, DFS was found to be
shorter in PRAME-positive patients with diffuse large B
cell lymphoma. Additionally PRAME was found in 50%
of the patients in whom progression was detected while
in 18% of patients achieving complete response [34].

As seen in many malignant tumors, immunotherapy
seems to be an attractive option in HL. The basic principle
of immunotherapy is the determination of the ideal target
and this target should be expressed in tumor cells only but
not in normal tissues. From this point of view, PRAME
has become a promising candidate for tumor immuno-
therapy since it is recognized by autologous cytotoxic T
lymphocytes [3, 16].
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Conclusion

We found a correlation between PRAME expression
and IPS >4, age >45 years, advanced stage, high-risk group,

Acknowledgment

Projects.

recurrent disease, shorter relapse time, shorter DFS and OS
and increased risk for death. These findings suggest that

PRAME expression may predict poor prognosis. In these

analyses, as the results obtained using real-time PCR were

more significant, real-time PCR was found to be a more

None.

reliable method for the detection of PRAME expression.

—_

References

Jaffe ES, Harris NL, Stein H, Vardiman JW
(eds): World Health Organization Classifica-
tion of Tumours. Pathology and Genetics of
Tumours of Haematopoietic and Lymphoid
Tissues. Lyon, IARC Press, 2001.

Ikeda H, Lethé B, Lehmann F, van Baren N,
Baurain JF, de Smet C, Chambost H, Vitale M,
Moretta A, Boon T, Coulie PG: Characteriza-
tion of an antigen that is recognized on a mel-
anoma showing partial HLA loss by CTL ex-
pressing an NK inhibitory receptor. Immu-
nity 1997;6:199-208.

Schenk T, Stengel S, Goellner S, Steinbach D,
Saluz HP: Hypomethylation of PRAME is re-
sponsible for its aberrant overexpression in
human malignancies. Genes Chromosomes
Cancer 2007;46:796-804.

Yin B: PRAME: from diagnostic marker and
tumor antigen to promising target of RNAi
therapy in leukemic cells. Leuk Res 2011;35:
1159-1160.

Paydas S, Tanriverdi K, Yavuz S, Seydaoglu G:
PRAME mRNA levels in cases with chronic
leukemia: clinical importance and review of
the literature. Leuk Res 2007;31:365-369.
Oberthuer A, Hero B, Spitz R, Berthold F,
Fischer M: The tumor-associated antigen
PRAME is universally expressed in high-
stage neuroblastoma and associated with
poor outcome. Clin Cancer Res 2004;10:
4307-4313.

Neumann E, Engelsberg A, Decker J, Storkel
S, Jaeger E, Huber C, Seliger B: Heterogenous
expression of the tumor-associated antigens
RAGE-1, PRAME, and glycoprotein 75 in hu-
man renal cell carcinoma: candidates for
T-cell-based immunotherapies? Cancer Res
1998;58:4090-4095.

Partheen K, Levan K, Osterberg L, Claesson I,
Fallenius G, Sundfeldt K, Horvath G: Four po-
tential biomarkers as prognostic factors in
stage III serous ovarian adenocarcinomas. Int
J Cancer 2008;123:2130-2137.

Bankovic ], Stojsic S, Jovanovic D, Andjelkov-
ic T, Milinkovic V, Ruzdijic Z, Tanic N: Iden-
tification of genes associated with non-small-
cell lung cancer promotion and progression.
Lung Cancer 2010;67:151-159.

10

11

12

13

14

15

16

17

18

Figueiredo DL, Mameda RC, Proto-Siqueria
R, Neder L, Silva WA Jr, Zago MA: Expression
of cancer testis antigens in head and neck
squamous cell carcinomas. Head Neck 2006;
28:614-619.

Haqq C, Nosrati M, Sudilovsky D: The gene
expression signatures of melanoma progres-
sion. Proc Natl Acad Sci U S A 2005;102:
6092-6097.

Doolan P, Clynes M, Kennedy S, Mehta JP,
Crown J, O’Driscoll L: Prevalence and prog-
nostic and predictive relevance of PRAME in
breast cancer. Breast Cancer Res Treat 2008;
109:359-365.

Epping MT, Hart AA, Glas AM, Krijgsman O,
Bernards R: PRAME expression and clinical
outcome of breast cancer. Br ] Cancer 2008;
99:398-403.

Van’t Veer LJ, Dai H, van de Vijver MJ, He
YD, Hart AA, Mao M, Peterse HL, van der
Kooy K, Marton MJ, Witteveen AT, Schreiber
GJ, Kerkhoven RM, Roberts C, Linsley PS,
Bernards R, Friend SH: Gene expression pro-
filing predicts clinical outcome of breast can-
cer. Nature 2002;415:530-536.

Tan P, Zou C, Yong B, Han ], Zhang L, Su Q,
Yin J, Wang J, Huang G, Peng T, Shen J: Ex-
pression and prognostic relevance of PRAME
in primary osteosarcoma. Biochem Biophys
Res Commun 2012;419:801-808.

Staege MS, Banning-Eichenseer U, Weissflog
G, Volkmer I, Burdach S, Richter G, Mauz-
Korholz C, Foll ], Korholz D: Gene expression
profiles of Hodgkin’s lymphoma cell lines
with different sensitivity to cytotoxic drugs.
Exp Hematol 2008;36:886-896.

Costessi A, Mahrour N, Tijchon E, Stunnen-
berg R, Stoel MA, Jansen PW, Sela D, Martin-
Brown S, Washburn MP, Florens L, Conaway
JW, Conaway RC, Stunnenberg HG: The tu-
mour antigen PRAME is a subunit of a Cul2
ubiquitin ligase and associates with active
NFY promoters. EMBO ] 2011;30:3786-3798.
Willenbrock K, Kiippers R, Renné C, Brune
V, Eckerle S, Weidmann E, Brauninger A,
Hansmann ML: Common features and dif-
ferences in the transcriptome of large cell
anaplastic lymphoma and classical Hodg-

206

DOI: 10.1159/000381533

Acta Haematol 2015;134:199-207

19

20

21

22

23

24

This study has been funded by grants from the Turkish Society
of Medical Oncology and Cukurova University Scientific Research

Disclosure Statement

kin’s lymphoma. Haematologica 2006;91:
596-604.

Paydas S, Tanriverdi K, Yavuz S, Disel U,
Baglamughi F, Burgut R: PRAME mRNA levels
in cases with acute leukemia: clinical impor-
tance and future prospects. ] Hematol 2005;
79:257-261.

Greiner J, Schmitt M, Li L, Giannopoulos K,
Bosch K, Schmitt A, Dohner K, Schlenk RF,
Pollack JR, Dohner H, Bullinger L: Expression
of tumor-associated antigens in acute my-
eloid leukemia: implications for specific im-
munotherapeutic approaches. Blood 2006;
108:4109-4117.

McElwaine S, Mulligan C, Groet J, Spinelli M,
Rinaldi A, Denyer G, Mensah A, Cavani S,
Baldo C, Dagna-Bricarelli F, Hann I, Basso G,
Cotter FE, Nizetic D: Microarray transcript
profiling distinguishes the transient from the
acute type of megakaryoblastic leukaemia
(M7) in Down’s syndrome, revealing PRAME
as a specific discriminating marker. Br ] Hae-
matol 2004;125:729-742.

Santamaria C, Chillon MC, Garcia-Sanz R,
Balanzategui A, Sarasquete ME, Alcoceba M,
Ramos F, Bernal T, Queizan JA, Pefarrubia
M], Giraldo P, San Miguel JF, Gonzalez M:
The relevance of preferentially expressed an-
tigen of melanoma (PRAME) as a marker of
disease activity and prognosis in acute pro-
myelocytic leukemia. Haematologica 2008;
93:1797-1805.

Santamaria CM, Chilléon MC, Garcia-Sanz R,
Pérez C, Caballero MD, Ramos F, de Coca
AG, Alonso JM, Giraldo P, Bernal T, Queizin
JA, Rodriguez JN, Fernindez-Abellin P,
Barez A, Pefiarrubia MJ, Balanzategui A, Vid-
riales MB, Sarasquete ME, Alcoceba M, Diaz-
Mediavilla J, San Miguel JF, Gonzalez M: Mo-
lecular stratification model for prognosis in
cytogenetically normal acute myeloid leuke-
mia (CN-AML). Blood 2009;114:148-152.
Van Baren N, Chambost H, Ferrant A, Mich-
aux L, Ikeda H, Millard I, Olive D, Boon T,
Colulie PG: PRAME, a gene encoding an an-
tigen recognized on a human melanoma by
cytolytic T cells is expressed in acute leukemia
cells. Br ] Haematol 1998;102:1376-1379.

Ercolak et al.




25

26

27

28

Matsushta M, Ikeda H, Kizaki M, Okamoto S,
Osagawara M, Ikeda Y, Kawakami Y: Quanti-
tative monitoring of the PRAME gene for the
detection of minimal residual disease in leu-
kemia. Br ] Haematol 2001;112:916-926.
Steinbach D, Hermann J, Viehmann S, Zintl
F, Gruhn B: Clinical implications of PRAME
gene expression in childhood acute myeloid
leukemia. Cancer Genet Cytogenet 2002;133:
118-123.

Steinbach D, Viehmann S, Zintl F, Gruhn B:
PRAME gene expression in childhood acute
lymphoblastic leukemia. Cancer Genet Cyto-
genet 2002;138:89-91.

Proto-Siqueira R, Falcao RP, Souza CA, Is-
mael SJ, Zago MA: The expression of PRAME
in chronic lymphoproliferative disorders.
Leuk Res 2003;27:393-396.

PRAME Expression in Hodgkin’s
Lymphoma

29

30

31

32

Van Baren N, Brasseur F, Godelaine D,
Hames G, Ferrant A, Lehmann F, Andre M,
Ravoet C, Doyen C, Spagnoli GC, Bakkus M,
Thielaemans K, Boon T: Genes encoding tu-
mor-specific antigens are expressed in human
myeloma cells? Blood 1999;94:1156-1111.
Radich JP, Dai H, Mao M, Oehler V, Schelter
J, Druker B, Sawyers C, Shah N, Stock W,
Willman CL, Friend S, Linsley PS: Gene ex-
pression changes associated with progression
and response in chronic myeloid leukemia.
Proc Natl Acad Sci U S A 2006;103:2794—
2799.

Greiner ], Schmitt M: Cancer testis/germline
antigens (CT/CG-antigens) in leukemias.
Leuk Res 2007;31:1-3.

Greiner J, Ringhoffer M, Simikopinko O, Sz-
maragowska A, Huebsch S, Maurer U, Berg-

33

34

mann L, Schmitt M: Simultaneous expression
of different immunogenic antigens in acute
myeloid leukemia. Exp Hematol 2000;28:
1413-1422.

Chambost H, Van Baren N, Brasseur F,
Godelaine D, Xerri L, Landi SJ, Theate I, Plu-
mas J, Spagnoli GC, Michel G, Coulie PG,
Olive D: Expression of gene MAGE-A4 in
Reed-Sternberg cells. Blood 2000;95:3530-
3533.

Kawano R, Karube K, Kikuchi M, Takeshita
M, Tamura K, Uike N, Eto T, Ohshima K, Su-
zumiya J: Oncogene associated cDNA micro-
array analysis shows PRAME gene expression
is a marker for response to anthracycline con-
taining chemotherapy in patients with diffuse
large B-cell lymphoma. J Clin Exp Hematop
2009;49:1-7.

Acta Haematol 2015;134:199-207
DOI: 10.1159/000381533

207

8:11:38 AM

5



