
ABSTRACT

Background: The preferentially expressed antigen of
melanoma (PRAME) is a tumor associated antigen belong-
ing to the group of cancer-testis antigens (CTA). CTAs
expression is low or absent in almost all normal adult
tissues. The PRAME transcript is highly expressed in acute
and chronic leukemia patients and is usually associated
with a favorable prognosis.

Aim: Our aim is to study the expression of PRAME
gene in patients with acute myeloid leukemia (AML), and
its association with clinical presentation and response to
therapy.

Patients and Methods: Screening for PRAME gene
expression was assessed using real-time reverse tran-
scriptase polymerase chain reaction in bone marrow
samples of 57 AML patients at diagnosis prior to therapy.

Results: PRAME positivity was found in 22/57
(38.6%) of patients. No significant correlation was found
between PRAME gene positivity and any of the clinical
or hematological variables except for percentage of BM
promonocytes at diagnosis. PRAME positive patients
showed good response to treatment compared to those
who were PRAME negative. The rate of CR was 61.11%
compared to 48.28% in PRAME positive and PRAME
negative patients, respectively (p-value = 0.391). There
was an increase in the overall survival among the PRAME
positive compared to the PRAME negative group although
the difference was not significant (p-value = 0.160).

Conclusions: Our results suggested that PRAME
expression may be associated with better response to
therapy and a trend towards improved survival. Study of
a larger number of cases is needed for potential statistical
significance.

Key Words: PRAME – AML – qRT-PCR.

INTRODUCTION

Acute myeloid leukemia (AML) is a genet-
ically heterogeneous disease with accumulation
of acquired genetic alterations in hematopoietic
progenitor cells that disturb normal mechanisms
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of cell growth, proliferation and differentiation
[1]. It is a disease with a high mortality rate.
Therefore, analyzing the presence or absence of
specific molecular abnormalities is not only
useful for determining the overall prognosis
more precisely, but can also guide treatment [2].

The preferentially expressed antigen of mel-
anoma (PRAME) was described as a tumor-
associated antigen against a melanoma surface
antigen recognized by autologous cytotoxic T
cells and has been proposed as a promising
candidate for tumor immunotherapy [3]. PRAME
is only expressed at very low levels in normal
tissues [4]. The physiologic role of PRAME
remains controversial. PRAME was reported as
a dominant repressor of retinoic acid receptor
signaling, which induces proliferation arrest,
differentiation and apoptosis [5,6]. Recently,
PRAME has been shown to inhibit myeloid
differentiation in normal hematopoietic and
leukemic progenitor cells [7].

PRAME is over expressed in a wide variety
of malignancies [8]. The frequency of PRAME
expression was reported to be about 30-64% in
AML, 22-60% in chronic myeloid leukemia
(CML), and 17-42% in acute lymphoblastic
leukemia (ALL) [9-11]. High PRAME expression
has been found to correlate with the stage of
melanoma lesions [12], with shorter overall
survival of neuroblastoma [13], and serous ova-
rian adenocarcinoma patients [14]. High PRAME
mRNA levels were also shown to be an inde-
pendent prognostic factor of poor clinical out-
come in breast cancer [8,15]. However, the clin-
ical relevance of PRAME expression in
hematopoietic malignancies has been inconsis-
tent. In acute myeloid leukemia, PRAME was
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associated with favorable prognosis [3,6,16,17].
A high level of PRAME was also found to be
associated with longer relapse free survival in
cytogenetically normal AML [18]. It was further
revealed that patients with acute promyelocytic
leukemia with low PRAME expression had an
unfavorable outcome [19]. However, in chronic
myeloid leukemia, PRAME expression increased
with disease progression and was associated
with poorer therapeutic responses [7].

Quantification of PRAME transcript in acute
myeloid leukemia could be used to monitor
minimal residual disease [20].

In the current study, we investigated a group
of adult with AML to assess the expression
PRAME gene at diagnosis and to correlate its
expression with the clinical response.

PATIENTS AND METHODS

The study was performed on 57 adult de
novo AML patients including 27 males and 30
females; their ages ranged from 18 to 67 with
a median of 37 years. They presented to the
Medical Oncology clinics, National Cancer
Institute (NCI), Cairo University, during the
time period from October 2013 to October 2014.
In addition after obtaining written consent, bone
marrow samples were taken from 7 healthy
donors and used as controls for gene expression,
they presented as bone marrow transplantation
donors to Nasser Institute for Research and
Treatment, Ministry of Health, Cairo, Egypt.
The study was approved by the Institutional
Review Board (IRB) of the NCI and was con-
ducted according to Helsinki declaration of
studies performed on human subjects. A written
informed consent was obtained from all patients
and controls.

Patients were diagnosed according to stan-
dard methods including complete blood picture,
bone marrow aspirate, cytochemistry as indicat-
ed, immunophenotyping, cytogenetics and mo-
lecular genetics. Patients’ clinical characteristics
are shown in Table (1). All patients received
standard induction chemotherapy with 3+7 pro-
tocol (idarubicin as short infusion for 3 days
with cytarabine 100mg/m2 continuous infusion
for 7 days). Patients, who achieved CR, accord-
ing to their risk stratification, were offered
consolidation with high dose cytarabine and
HLA matching followed by allogeneic bone
marrow transplantation. Refractory cases re-

ceived re-induction with high dose cytarabine
based regimen.

Clinical end points:
Complete remission (CR) is defined as bone

marrow blasts <5%; absence of blasts with Auer
rods; absence of extramedullary disease; abso-
lute neutrophil count >1.0 x 109/L; platelet
count >100 x 109/L; independence of red cell
transfusions, and treatment failure which in-
cludes either resistant disease or relapse. Resis-
tant disease is defined as failure to achieve CR
following completion of initial treatment, with
evidence of persistent leukemia by blood and/or
bone marrow examination. Relapse is defined
as bone marrow blasts ≥5 percent; or reappear-
ance of blasts in the blood; or development of
extramedullary disease [21].

Disease-free survival (DFS) was defined
only for those patients achieving a CR. It was
measured from the CR date until the date of
relapse or death, regardless of cause, censoring
for patients alive at last follow-up. Overall
survival (OS) was measured from the protocol
on study date until the date of death regardless
of cause, censoring for patients alive at last
follow-up [21].

RNA extraction and cDNA synthesis:
RNA extraction was done using QIAamp

RNA blood Mini Kit (Qiagen, Germany) fol-
lowing the manufacturer’s instructions. The
amount of RNA was measured by nanodrop
spectrophotometer. Subsequently, 1.0µg RNA
was reverse transcribed into cDNA in 20µL
reaction using random hexamer according to
manufacturer's instructions (High capacity cD-
NA reverse transcription kit) (Applied Biosys-
tems, USA).

Quantitative real-time PCR (qT-PCR):
The mRNA expression levels of PRAME

and the endogenous housekeeping gene GAP-
DH, as a reference, were quantified by the
TaqMan Probe Assay (QuantiFast Probe Assay
Qiagen kits) according to the manufacturer’s
instructions. The assay IDs were (Hs_PRAME_
FAM_1), Cat. no.: QF00326137 and (Hs_ GAP-
DH_ MAX_2), Cat. no.: QF00531132) using
Applied Biosystems 7500 Instrument (Applied
Biosystems, USA). The cycle number at which
the reaction crossed an arbitrarily placed thresh-
old (CT) was determined and the relative ex-
pression of PRAME regarding a housekeeping
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gene (GAPDH), used as a control of RNA qual-
ity, was calculated using the equation 2–∆∆Ct

where ∆CT = CTPRAME – CTGAPDH and
∆∆CT= ∆CTsample –∆CTHealthy BM (median)
[19,22]. In order to carry out the ∆∆CT correc-
tion, we selected the median ∆CT value obtained
in bone marrow samples from seven healthy
donors. PRAME expression values were thus
expressed as relative units (RU), where one RU
is equivalent to the PRAME expression of the
healthy donor bone marrow sample with the
median ∆CT value [19].

Statistical analysis:

Data were analyzed using IBM SPSS ad-
vanced statistics version 20 (SPSS Inc., Chicago
A, IL). Numerical data were expressed as mean
and standard deviation or median and range as
appropriate. Qualitative data were expressed as
frequency and percentage. Chi-square test (Fish-
er’s exact test) was used to examine the relation
between qualitative variables. For not normally
distributed quantitative data, comparison be-
tween two groups was done using Mann-
Whitney test (non-parametric t-test). Logistic
regression was carried out using odds ratio.
Cox-regression method was used to calculate
the Hazard ratio (HR) with it 95% confidence
interval (CI).

Survival analysis was done using Kaplan-
Meier method and comparison between two
survival curves was done using log-rank test.
A p-value <0.05 was considered significant.

RESULTS

In this study, the expression of PRAME
mRNA was investigated in 57 adult AML pa-
tients by real-time PCR. PRAME expression
was found in 22/57 (38.6%) of patients. For the
2–∆∆Ct method we used bone marrow samples
from seven healthy donors as a calibrator. The
median ∆CT (CTPRAME-CTGAPDH) value in
healthy samples was 8.17 (range 5.71 to 9.63).
For AML samples, the median ∆CT value was
9.31 (range, 3.04 to 16.79) and the median
PRAME expression was 0.566 RU (range, 0.003-
35.017).

No significant correlation could be observed
between PRAME expression and clinical char-
acteristics such as age, sex, initial white blood
cell count, hemoglobin level, platelet count,
FAB-type, BM blasts and the percentage of
blasts in the peripheral blood at the diagnosis.
Statistical significance was encountered with
stem cell marker CD34 expression on blast cells
and with BM promonocytes in M4 and M5 at
diagnosis (Table 1).

Table (1): Correlation of clinical and hematologic parameters with PRAME expression in AML patients.

Age (years)

Gender

Organomegaly

Lymphadenopathy

TLC x 109/L*

Hb (gm/dL)*

Platelets x 109/L*

PB blast %

BM promonocytes

BM blast %

CD34 expression

FAB classification

Median  (range)

Male (No - %)
Female (No - %)

Present (No - %)

Present (No - %)

Median (Range)

Mean ± S.D

Median (Range)

No.
Median (Range)

No.
Median (Range)

No.
Median (Range)

CD34 +ve
CD34 –ve

M0, M1
M2
M4, M5

PRAME gene expression
Parameter

35.0 (18-67)

14-51.9%
21-70.0%

13/31 59.1%

6/30 (60.0%)

29.9 (0.8-207.0)

7.2±2.1

25.0 (5.0-269.0)

25
60.0 (30.0-98.0)

14
11.5 (2.0-78.0)

35
61.0 (10.0-90.0)

23 (69.7%)
10 (30.3%)

11 (68.8%)
9 (56.3%)
15 (60.0%)

–ve (n=35/57)

41.5 (23-66)

13-48.1%
9-30.0%

9/17 (40.9%)

4/17 (40.0%)

81.0 (3.6-175.0)

7.1±2.2

32.0 (7.0-458.0)

15
60.0 (4.0-97.0)

9
29.0 (8.0-53.0)

22
47.0 (12.0-90.0)

9 (42.9%)
12 (57.1%)

5 (31.3%)
7 (43.8)
10 (40.0%)

+ve (n=22/57)

0.112

0.160

0.464

0.776

0.342

0.920

0.734

0.761

0.016

0.140

0.050

0.754

p-value

* Data available for 19 PRAME +ve and 31 PRAME –ve cases.
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Out of the 57 studied patients, 47 were eval-
uable for response. Complete remission (CR)
was achieved in 25 patients (53.19%), 5
(10.64%) failed to achieve CR, and 17 (36.17%)
died during induction. In patients with positive
PRAME expression, 61.11% responded to in-
duction chemotherapy compared to 48.27% of
patients with negative PRAME expression, Pos-
itive PRAME expressers had a statistically higher
CR but this difference was not statistically
significant (p=0.391).

Patients were followed-up for 0.03 to 15.76
with a median of 4.08 months; 39 (76.47%)
patients died. The overall survival ranged from
1.021 to 7.137 with a median of 4.079 months.
During the follow-up period 13/22 (59.09%)

cases relapsed. The DFS ranged from 3.278 to
14.722 with a median of 9 months.

At the end of follow-up period: 13 patient
(65.0%) in the positive PRAME group and 26
patients (83.87%) in the negative PRAME group
died. Median OS was 6.4months (0.0-19.462)
and 3.3months (0.35-6.163) respectively with
no statistical significance difference between
the two groups (p=0.160) (Fig. 1).

In PRAME positive group 6/10 (60.0%)
patients relapsed with a median DFS of 9 months
(2.8-15.19); the relapse rate in the PRAME
negative group was 7/12 (58.33%), with a me-
dian DFS of 5 months (0.0-13.48) (p=0.627)
(Fig. 2).
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Fig. (2): Impact of PRAME expression on disease free
survival in AML patients.
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DISCUSSION

Preferentially expressed antigen of melano-
ma (PRAME) is expressed in a wide variety of
tumors, but in contrast with most other tumor
associated antigens, it is also expressed in leu-
kemia. The physiologic role of PRAME has not
yet been completely discovered [23].

We have investigated the prevalence of
PRAME expression in AML patients and seven
normal bone marrow samples which served as
controls. An increase of >1-log over the upper
limit of normal bone marrow was defined as
positive [24].

In our study, the mean PRAME relative ex-
pression detected in the control group was
8.11±1.21 (range 5.71–9.63). Zhu et al. [25]
found that the PRAME transcripts were 0-1.46%
(median 0.18%) in 20 control cases using based
real-time quantitative PCR with Eva Green dye;
also Qin et al. [17] reported that all 22 normal
bone marrow samples expressed PRAME mRNA
and the upper limit was 0.28% using the TaqMan
based real-time quantitative PCR methods.
Steinbach et al., [26] were able to detect very
low levels of PRAME in normal blood and bone
marrow cells including CD34+ stem cells which
might constitute a problem in using PRAME
for tumor immunotherapy.

Fig. (1): Impact of PRAME expression on overall survival
in AML patients.
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On the contrary, Khorshed et al. [27] found
that PRAME mRNA transcript done by qualita-
tive RT-PCR was not detected in normal bone
marrow cells obtained from 10 healthy donors.
Similar observation demonstrated highly tumor-
restricted expression for PRAME gene [10,28,29].

In the current study, we reported PRAME
expression in 22/57 (38.6%) AML patients. This
finding is comparable to that reported by Zhou
et al., (42.9%) [28] and Tajeddine et al. (40%)
[30]. Higher values were reported by Khorshedet
al. (55%), Qin et al., (55.4%), Zhu  et al.,(64%),
Greiner et al., (64%) [10,24,27,29]. While lower
values were reported by Paydas et al. (30%)
[11], Van Baren et al., (25%) [3]. In a study done
by Matsushita et al. [16] on Japanese patients
with leukemia and lymphoma, PRAME expres-
sion was found to be 42% using the semi quan-
titative RT-PCR. Mcelwaine et al. [31] reported
that PRAME is highly expressed in Down syn-
drome with acute megakaryoblastic leukemia
transformation but not in myeloproliferative
disorder.

In the current study, no significant associa-
tion was found between PRAME expression and
age, gender, white blood cell count, hemoglobin
level, platelet count, or percentage blasts in the
peripheral blood at diagnosis; border line sig-
nificant correlation was encountered with stem
cell marker CD34 expression on blast cells.
These results are in agreement with previous
reports [11,27,28,29]. In our study out of 22
PRAME positive patients, 9 were M4, 7 M2, 4
M1, one M0 and one was M5, with PRAME
expression more frequent in M4 FAB subtype
but the numbers were too small to give statistical
significance. However PRAME expression
showed significant correlation with BM
promonocytes at diagnosis. Previous studies
demonstrated association of PRAME expression
with M2 [27], M1-M4 [25,29], M2 with t(8;21)
[17,25] and M3 with PML-RAR alpha fusion gene
[17,29].

As regards clinical data, no significant as-
sociation was found between PRAME expression
and organomegaly or lymphadenopathy. This
is in agreement with Paydas et al. [11] and partial
agreement with Khorshed et al. [27] who report-
ed a significant association with hepatomegaly
(p=0.036), but no association with  splenome-
galy or lymphadenopathy.

 In the current study CR rate was higher in
the PRAME +ve group though it did not achieve
statistical significance. This is in line with Zhu
et al. [25,28] who reported that high PRAME
expression is a favorable prognostic marker. In
contrast, some studies reported PRAME expres-
sion to be associated with lower CR remission
rate [27,32] while others denied any impact of
PRAME expression on response to therapy
[11,33].

Regarding overall survival, number of
deaths was higher in low PRAME expressers
though statistically insignificant (p-value
0.160). Overall survival was longer among the
high PRAME compared to the low PRAME
expressers though the difference was insignif-
icant. Also, DFS was comparable for both
groups (p-value 0.627). Previous reports on
the association of PRAME expression with
survival are controversial. Greiner et al. [34]
found a significant correlation between high
m-RNA levels of PRAME and longer overall
survival. On the contrary, Khorshed et al. [27],
found an increase in the overall survival among
the PRAME negative compared to the PRAME
positive group although the difference was not
significant (p-value = 0.06).

Also in a pediatric study done by Steinbach
et al. [26], overall and disease-free survival was
associated with high PRAME expression. Ac-
cordingly, PRAME expression as an independent
prognostic indicator could not be clearly high-
lighted. This is in agreement with most studies
on acute leukemia cases that could not draw a
similar conclusion [11,26,33]. On the contrary,
high PRAME expression was found to be an
independent prognostic marker of poor outcome
in breast cancer and neuroblastoma [13]. Addi-
tionally, Radich et al. [35] suggested PRAME
as a predictive factor to determine the blastic
phase in CML cases.

In conclusion, PRAME is a tumor-associated
antigen and its level of expression should be
detected during the course of the disease.
PRAME may be a suitable indicator to predict
remission or relapse. However, more studies
should aim at detailed understanding of the
mechanisms of PRAME actions and its use in
predicting progression and the remission of
diseases.
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