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Abstract
Background: The PRAME (preferentially expressed antigen of melanoma) gene is frequently over expressed in
a wide variety of malignant diseases, including acute myeloid leukemia (AML).
Objective:To investigate the expression of PRAME gene in AML and its importance in the prognosis.
Patients and methodsThe transcript level of PRAME gene was detected in peripheral blood specimens from 72
de novo AML patients and 40 control subjects by using real-time quantitative PCR and the prognostic value of
PRAME was determined through treatment outcome and survival analysis.
Results:PRAME gene was highly expressed in 74% of de novo AML cases while low expression was detected
among healthy controls, the mean value of PRAME gene expression was highest among M3 AML subtype and
lowest among M5b AML subtype. No significant correlation could be observed between PRAME gene expression
and different CBC parameters, age, gender or cytogenetics, but there was a significance positive correlation
between PRAME gene expression with treatment outcome, disease free survival (DFS) and overall survival.
Conclusion:PRAME gene over expression might be a good prognostic factor of AML and could be a useful
target for immunotherapy.
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Introduction
Acute myeloid leukemia (AML) is a clonal hematopoietic disorder
that may be derived from either a hematopoietic stem cell or a linagespecific progenitor cell. AML is characterized by both; a predominance
of immature forms and loss of normal hematopoiesis [1]. The PRAME
gene is a cancer/testis (CT) antigen; it was discovered by Ikeda and his
colleagues in a melanoma patient in 1997. This gene, which is located
in 22q11 of the human chromosome and codes for a protein with 509
amino acids, is a tumor antigen recognized by HLA-24 and afterward
presented to cytotoxic lymphocytes (CTL) [2]. In normal tissues,
PRAME gene is expressed in the testis, adrenal gland, ovary and
endometrium. Studies abroad suggest that the PRAME gene is highly
expressed in leukemic cells. Furthermore, it is known that the
overexpression of genes encoding antiapoptotic proteins leads to the
survival of leukemic cells via exclusion of apoptosis and its expression
levels are correlated with the relapse and remission of leukemia [3].
The mRNA level of PRAME is used as a tumor marker due to its over
expression in various malignancies. The PRAME transcript is highly
expressed in AML patients and is usually associated with a favorable
prognosis [4]. Continuous gene expression monitoring during
treatment could determine the effect of chemotherapy and whether
leukemic cells are drug resistant, however; local investigations and data
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on PRAME gene are rare [5]. PRAME gene is a widely expressed
leukemia gene that has been the focus of much scientific research
recent years.
This gene is not only widely expressed in many hematological
malignant diseases, but is also intimately related to the progression and
the remission of diseases [6]. The regulation of PRAME gene
expression is poorly understood, and thus the molecular basis of its
expression in malignancies is largely unknown. It has been suggested
that AML1-ETO and BCR-ABL fusion proteins may contribute to the
up-regulation of PRAME [7]. PRAME up-regulation was observed in
most AML cases with t(8;21) karyotype and 45% of AML cases with
t(15;17) [8].

Aim of the work
To determine the expression of PRAME gene in AML patients and
its importance in the prognosis.

Subjects and Methods
This study was carried out in Clinical Pathology and Medical
Oncology Departments, Faculty of Medicine, Zagazig University
Hospitals. All patients gave their consent to participate in the study
and to allow their biological samples to be analyzed. The study protocol
was approved by the Ethical Committee of Faculty of Medicine,
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Zagazig University. The study included 112 subjects. They were
classified as following:

Control subjects
This group included 40 apparently healthy subjects (20 males and 20
females). Their ages ranged from 18 to 65 years.

AML subjects
This group included 72 de novo AML patients (40 males and 32
females). Their ages ranged from 18 to 62 years, they were diagnosed
based
on
standard
morphology,
cytochemistry
and
immunophenotyping of the leukemic blasts. All of the patients were
treated with anthracyclin and Ara-C as induction chemotherapy
schedules; Visinoid was added in M3 cases.

Follow up
Patients were followed up for 18 months, to assess the response to
therapy, relapse if occurred (with routine laboratory investigations and
B.M examination), and survival.

Patients were subjected to the following
Thorough history taking and full clinical examination. Complete
Blood Count (CBC), bone marrow aspirate examination,
cytochemistry and immunophenotyping using fluorescene labeled
mouse monoclonal antibodies to specific myeloid cluster of
differentiation (CD) included (CD13,CD33,CD14,CD64 and MPO)
and progenitor markers (HLA-DR and CD34) by using Flow
cytometry (a FAC-scan, Becton Dickinson, San Jose, California, USA).
FACs-acquisition and analysis were performed with FACs Cell Quest
software (BD Biosciences) for establishment of the diagnosis of AML
[9]. Cytogenetic analysis was done by karyotyping and FISH
techniques, and the patients were classified according to their
standardized cytogenetic risk subgroups [10].

Detection of PRAME Gene by Real-time RT-PCR
All members of this study were subjected to relative quantitative
expression of PRAME gene in peripheral blood by Real-time RT-PCR
technique. This method involved extraction of mRNA, reverse
transcription to cDNA then selective amplification by Real-Time PCR
System using DNA fluorescent dyes [11].

RNA extraction
RNA was purified from K-EDTA anti-coagulated peripheral blood
samples using the Total RNA Purification Kit (Jena Bioscience: Jena,
Germany).

Reverse transcription
The reverse transcription reaction was performed by SCRIPT
Reverse Transcriptase kit (Jena Bioscience: Jena, Germany).

Real time PCR amplification
The cDNA was amplified with qPCR Green Master (Jena Bioscience:
Jena, Germany).
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Primers
The primers were specific for PRAME gene and B actin that
obtained from the BLAST program and purchased as lyophilized
reagents (Metabion international AG). The forward sequence of
PRAME gene primer was 5'-CTGTACTCATTTCCAGAGCCAGA-3'.
And
the
Reverse
primer
sequence
was
5'
TATTGAGAGGGTTTCCAAGGGGTT-3'. While B-actin primers
sequence was 5'-AGCGAGCATCCCCCAAAGTT-3' for Forward
primer
and
for
Reverse
primer
it
was
5'GGGCACGAGGGCTCATCATT-3'.

Steps
Preparation of the primers
Final concentration 10 µM of the primers were reached by 1:10
dilution.

Preparation of the qPCR reaction mix
The reaction mix with 20 µL final volume was prepared by adding
10 µL qPCR Green Master, 0.5 µL forward primer, 0.5 µL reverse
primer, 5 µL template cDNA and 4 µL PCR grade water into real-time
PCR wells of the PCR plate.

Recommended cycling conditions
The following temperature scheme was performed for the
amplification using Stratagene Mx3005P qPCR System (Agilent
Technologies, Germany) with measuring cycle threshold (CT). PCR
reactions were incubated for 10 min at 95°C as initial denaturation and
polymerase activation, after which the target was amplified with 40
cycles, for 15 sec at 95°C as denaturation and 1 min at 58°C as
annealing and extension.

Results interpretation
The transcription levels of target genes were normalized to those of
B-actin which used as reference gene to account for the variability in
the amount of cDNA in each sample. CT value for each reaction was
obtained and the delta CT was calculated by subtraction of CT values
for the reference gene form CT values of the gene of interest. (ΔCT=CT
target – CT reference), the delta-delta CT for each patient was
calculated by subtraction of the average of control ΔCT from the
patient ΔCT (ΔΔCT=ΔCT sample – Average ΔCT control).
The fold change for gene expression in the sample relatively to the
control was calculated by the negative value of the delta-delta CT
subtraction (-ΔΔCT) becomes the exponent of 2 where R=2-ΔΔCT [12].
The expression of target genes was presented as fold change of gene
expression relative to control (control considered 1).

Statistical analysis
Disease free survival (DFS) was calculated from complete remission
(CR) to disease relapse and overall survival (OS) was calculated from
diagnosis till death or last follow up. Data were checked, entered and
analyzed using SPSS version 19 (SPSS Inc., Chicago, IL). Numerical
data were expressed as mean and standard deviation; qualitative data
were expressed as frequency and percentage. Mann Whitney U test
and Kraskall Wallis H test were used to compare between studied
groups, Spearman-rho method was used to test correlation between
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numerical variables and Logrank test was used in survival analysis. P
value <0.05 was considered statistically significant.

Results
In this study, the mean of age ± SD in AML patients was 46.1 ± 15.6,
male to female ratio was (1.3:1) and they were categorized according to
FAB sub-classification; the most commonly encountered FAB
subgroup was M2 (28/72, 38.9%), followed by M1 (12/72, 16.7%) and
M4 (12/72, 16.7%). AML (M3) patients were (8/72, 11.1%) while AML
(M5a) was (4/72, 5.6%) and M5b (8/72, 11.1%). As regard cytogenetic
analysis, they included 35 normal karyotyping AML patients whom
were considered as intermediate risk, while 37 patient had abnormal
karyotyping comprised 8 patients had t (15;17), 8 patients had t (8;21),
4 patients had inversion 16 whom were considered good risk, however
unfavorable cytogenetics as t (6;9) was found in 8 patients, 4 patients
had trisomy 8 and 5 patients had trisomy 11.

Comparison between patients and controls regarding
PRAME gene expression
PRAME gene was highly expressed in (74%) of AML patients. A
highly significant increase of PRAME gene expression was recorded in
patients compared to controls. The gene expression value had a mean ±
SD of 3.5 ± 2.1 fold change in the patients group compared to a mean
± SD of 1 ± 0 in the control group (p=0.016), (Table1), (Figures 1 and
2).
Parameter

Cases mean ± SD

PRAME gene 3.5 ± 2.1
quantitation

Controls mean ± T test
SD

p-Value

1±0

0.016*

2.548

Figure 1: Comparison between cases and control regarding PRAME
gene expression.

Table 1: Comparison between Patients and control regarding PRAME
gene expression.

Figure 2: Box-plot shows comparison between AML cases and
control group as regard PRAME gene expression (x10-4).
As regard PRAME gene expression, there was no statistically
significant relation with age, sex, hematological parameters (CBC and
B.M blast %) or cytogenetic abnormalities.
However, there was a statistical significance difference between FAB
subgroups, as a significant high gene expression was found in M3 more
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than other FAB subtypes followed by M2, then M5a, M4, M1 and lastly
M5b showed the lowest gene expression among the FAB subtypes
(P=0.01),(Table 2).
Variables

PRAME gene expression

Mean ± SD

p-Value
(Sig.)

Median (Range)

Age
≤ 45 years

32 1.35 ± 0.38 1.34 (0.85–1.95)

0.286

>45 years

40 5.34 ± 4.96 3.21 (0.59–12.66)

(NS)

PRAME gene expression and response to induction
chemotherapy
Complete remission (CR) after induction chemotherapy achieved
when BM shows blast cells <5% with normal maturation of all cell
lines, absence of blast cells from PB, clearance of disease associated CG
abnormality and clear of any previously existing extramedullary
disease, in our study; the (CR) was achieved in 40/72 patients (55.5%)
(responder), compared to 32/72 (44.4%) who failed to achieve CR
(non-responder) after the induction chemotherapy. As regard PRAME
gene expression, there was a significant high level of expression in
responders compared to non-responders (p=0.026), (Table 3).
Groups

Sex
Male

40 3.73 ± 4.29 1.41 (1.02–12.66)

0.424

Female

32 3.37 ± 4.25 1.32 (0.59–11.80)

(NS)

PRAME
change

Cytogenetic risk

PRAME
change

Intermediate risk(normal)

35 2.15 ± 3.06 1.12 (0.59–10.28)

Good risk

20 4.99 ± 4.76 1.70 (0.85–12.66)

0.2

Poor risk

17 1.6 ± 3.4

(NS)

1.2 (0.5–6.2)

>5

≤

5

Responders

Non-responders

No

%

No

%

fold 23

57.5

10

31.2

fold 17

42.5

22

68.8

P value

0.026

Table 3: Comparison between responders and non-responders as
regard PRAME gene expression.

FAB

PRAME gene expression and survival analysis

M1

12 1.10 ± 0.07 1.12 (1.02–1.17)

M2

28 4.12 ± 3.86 1.70 (0.8 –10.28)

M3

8 12.23 ± 0.60 12.23 (11.80–12.66)

0.01

Disease free survival (DFS)

M4

12 1.37 ± 0.31 1.37 (1.15–1.60)

(S)

M5a

4 1.95 ± 0.9

2.1( 0.53–2.8)

M5b

8 0.97 ± 0.35

1.04 (0.59–1.29)

12 months and 18 months DFS for all patients were 85.0% and
70.0%, respectively. In studying relation between PRAME gene
expression and DFS, It was found that there was a statistical
significance correlation between PRAME gene expression and DFS as
with PRAME ≤5 fold change, 12 months and 18 months DFS were 76%
and 53%, respectively, while with gene expression >5 fold change, 12
months and 18 months DFS were 91% and 82% respectively (p=0.04)
(Table4) & (Figure3).

During the follow up period, leukemia relapse was observed in
12/40 after complete remission and 26 patients (36%) died.

Table 2: Relation between PRAME expression and demographic,
cytogenetic risk and FAB classification in AML patients.

DFS and OS

PRAME ≤ 5fold change

PRAME >5fold change

Test*

p-Value (Sig.)

Median DFS

14 months

NR

3.9

0.04 (S)

12months DFS

76%

91%

18months DFS

53%

82%

Median OS

10 months

NR

15.6

< 0.001 (HS)

12months OS

46%

94%

18months OS

38%

91.40%

*Logrank

test, not reached yet (NR)

Table 4: Relation between disease free survival (DFS), overall survival (OS) and PRAME gene expression.
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Discussion
Acute myeloid leukemia (AML) is a hematopoietic malignant
disease rising from neoplastic transformation of myeloid stem cells.
This causes the alteration of differentiation and proliferation systems,
resulting in the accumulation of non-functional myeloid cells termed
myeloblasts in bone marrow and peripheral blood [13]. PRAME gene
is a tumor antigen, but its role has not been fully elucidated, so far; it
has been found to be expressed in a variety of hematological
malignancies [14].

Figure 3: Kaplan Meier plot of DFS in AML patients according to
PRAME gene expression.

Overall survival (OS)
The median overall survival of all patient with AML was 15 months,
with 23% for 18 month overall survival, while 12 months overall
survival was 62.8%. In studying relation between PRAME gene
expression and OS, It was found that; with PRAME ≤5 fold change, 12
months and 18 months OS were 46% and 38%, respectively while with
gene expression >5 fold change, 12 months and 18 months OS were
94% and 91.4%, respectively so, there was a statistical significance
correlation between PRAME gene expression and overall survival
value (p<0.001), (Figure 4).

Our study aimed to determine the expression of PRAME gene in
AML patients and its prognostic value. PRAME gene expression was
detected at low level in peripheral blood samples obtained from
normal healthy donors, while it was highly expressed in fifty three
AML patients (74%). Ding et al., [6] found that, PRAME gene was
expressed in 40.7% of cases, while Steinbach et al., [15] recorded that it
was expressed in 62% of cases. These variations may have been
attributed to differences in the patients races examined. Like the
findings of other studies, low PRAME gene expression was found in
the healthy volunteers. This tumor restricted expression would be
favorable for future immunotherapy, because of absence of danger to
induce autoimmune reactions by vaccination of patients with these
TAAs/LAAs [16] (Table 5).
Lab parameters

PRAME gene expression
R

p-Value

TLC ( x 109/L)

0.131

0.605

Hb (g/dl)

0.144

0.569

Platelets (( x 109/L)

-0.27

0.278

B.M Blast %

-0.086

0.734

Table 5: Correlation between hematological parameters and PRAME
gene expression in the patients tab.
In this study, acute promyelocytic leukemia patients (M3) had the
highest gene expression rate followed by M2, and lastly M5b, similar to
the results of Paydas et al., and Van Baren, in addition to the study
done by Spanaki and colleagues which denoted that PRAME mRNA
expression level was higher for AML (M3) patients with t(15;17)"
PML-RARα" [17]. In a study carried by Zhu et al., they reported that,
among the FAB subtypes, those with M1, M2, M3 and M4 had
significantly higher level of PRAME transcripts than controls, however,
those with M5 had similar level of PRAME transcripts as controls, also
among cases with AML-M2, those with t(8;21) had significantly higher
level of PRAME transcripts than those without t(8;21) [18].
No significant relation of PRAME gene expression with cytogenetic
risk groups was reported in our patients (p=0.2). Several studies have
demonstrated that, PRAME gene is correlated with chromosomes
translocation. However, the functional and laboratory association
between PRAME gene and variant chromosomal translocations need
further investigations [8].

Figure 4: Kaplan Meier plot of overall survival in AML patients
according to PRAME gene expression.
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In this study, no significant correlation of PRAME gene expression
with age, sex, TLC, Hb level, platelets count, or blast percentage in BM
was observed, this was similar to Paydas’ study. On the contrary, in a
pediatric study done by Steinbach et al., [15] they found that PRAME
gene expression was negatively correlated to white blood cell count at
diagnosis. Spanaki and colleagues [13], denoted that in spite of no
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correlation between PRAME gene expression and clinical parameters
including CBC parameters, PRAME gene could serve as a marker for
monitoring MRD in acute leukemia.
As regards disease outcome, many studies discussed the role of
PRAME gene expression in outcome and prognosis among AML cases.
Theories were not all in agreement and may contradict [14]. Our
patients were followed up for 18 months (range 2 to 18), 55.5% of cases
achieved CR with intensive chemotherapy, 30% of CR cases were
relapsed, and 36.0% of cases died. PRAME gene expression was
significantly high in responders compared to non-responders
(p=0.026). As regards DFS studies, there was a statistical significant
association between high PRAME gene expression and better DFS
(p=0.020). In the current study the median overall survival of all
patients was 15 months with a significant association between high
PRAME gene expression and better overall survival, (p<0.001).while
Paydas et al., didn’t find any correlation between PRAME expression
and progression-free or overall survival, however, this may be
explained by different protocols of therapy or variance in other
prognostic factors. On the contrary, our results agree with Greiner et
al., [16] who found a significant correlation between high m-RNA
levels of PRAME and longer overall survival. Also in a pediatric study,
Steinbach et al., had found that the rates of overall and disease-free
survival in patients with high PRAME expression were higher than in
patients with no or low expression, suggesting that the expression of
the PRAME gene could be used as an indicator of good prognosis for
risk adapted therapy [15].
Another study of Tajeddine and colleagues [19] explained that
PRAME induces Caspase-Independent Cell Death in vitro and reduces
tumorgenicity in vivo. PRAME expression in many malignancies is an
indicator of aggressive disease and poor prognosis but in AML, it is
associated with favorable chromosomal aberrations and a relatively
good prognosis.
Greiner and colleagues [16] observed a trend towards longer OS
among cases with higher PRAME gene and suggested that the
expression of distinct TAAs/LAAs as PRAME on leukemic blasts might
enable the immune system to better eradicate MRD following intensive
chemotherapy, there by leading to decreased relapse rates and longer
OS times.
Epping and colleagues [20] showed that PRAME mRNA expression
in adult de novo AML cases is not associated with poor prognosis
(outcome). Epping showed that PRAME is a repressor of retinoic acid
signaling. Retinoic acid induces proliferation but arrest differentiation
and apoptosis. PRAME binds to the retinoic acid receptor in the
presence of retinoic acid preventing ligand-induced receptor activation
and target gene transcription. As a result, PRAME could confer growth
or survival advantages to cancer cells including AML cells by
antagonizing retinoic acid receptor signaling. In contrary to all
previous studies, Goellner and colleagues in their 2006 study stated
that patients with PRAME up regulation might be more resistant to
chemotherapy [21].

Recommendation
Employ Real Time PCR to quantitatively assess level of PRAME
gene expression at diagnosis, during the course of therapy and after
CR. AML patients should be monitored using Real Time PCR to
efficiently evaluate the serial changes of the gene expression among
cases at diagnosis, during chemotherapy and during the follow up
period of CR so, we can rely on a useful tool for detecting MRD and to
predict subsequent relapse especially in patients without known
genetic markers.
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