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Abstract: The purpose of this study was to investigate the expression status of Dual-Specificity Phosphatase 5
Pseudogene 1 (DUSP5P1) and its clinical relevance in patients with acute myeloid leukemia (AML). Real-time quan-
titative PCR (RQ-PCR) was performed to detect the status of DUSP5P1 expression in 89 patients with de novo
AML and 24 normal controls. The level of DUSP5P1 expression was significantly up-regulated in AML compared to
controls (P=0.031). The patients with high expression of DUSP5P1 had higher percentage of blasts in bone marrow
(BM) than those without high expression (P=0.027). The occurrence rate of DUSP5P1 high expression was signifi-
cantly higher in M1 (2/8, 25%) and M2 subtypes (9/33, 27%) than in M3 subtype (0/17, 0%) (P=0.034). At the
same time, the frequency of DUSP5P1 high expression in patients with intermediate (13/53, 24%) and poor karyo-
types (5/11, 45%) was significantly higher than that in patients with favorable karyotype (0/21, 0%) (P=0.003).
Meanwhile, DUSP5P1 high-expressed patients had significantly shorter overall survival (OS) than those with low
expression (median 4.5 vs. 10.5 months, respectively, P=0.038). Our findings indicated that high expression of

DUSP5P1 may identify high-risk AML patients and is associated with poor prognosis in AML.
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Introduction

Acute myeloid leukemia (AML), the most com-
mon acute leukemia in adults, is characterized
by uncontrolled proliferation of undifferentiat-
ed blast cells in the peripheral blood and bone
marrow [1, 2]. Cytogenetic abnormalities have
general been considered to be the most crucial
independent prognostic parameter in AML,
besides, gene mutations also constitute the
key events in AML pathogenesis [3, 4]. Further
research into the role of the underlying genetic
and epigenetic description of the malignant
cells may provide us more possiblility to deeply
understand the mechanism of leukemogenesis
in AML, as well as offering important prognostic
information and highlighting potential thera-
peutic targets [5].

Mitogen-activated protein kinase (MAPK) path-
ways constitute a evolutionarily conserved fam-

ily of signaling modules by cells which trans-
duce extracellular signals into intracellular
responses that control multiple cellular pro-
cesses [6, 7]. Three main MAPK signaling cas-
cades have been characterized in mammals,
including ERKs, JNKs, and p38MAPKs [8]. The
extracellular signal-related kinase (ERK) path-
way, one of the most studied MAPK pathways,
lies downstream of the cellular protooncogene
Ras and has been implicated in numerous cel-
lular activities including cell proliferation, differ-
entiation and survival [9, 10]. Meanwhile,
abnormalities in the regulation of this pathway
can result in uncontrolled proliferation and ini-
tiation of cancer [11, 12]. Furthermore, the
MAPK/ERK pathway also plays a critical role in
the pathogenesis of various hematological
malignancies [13, 14].

DUSPs, also known as MAPK phosphatases
(MKPs), constitute a distinct family of proteins
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that mediate spatiotemporal aspects of MAPK
pathways [15, 16], which have been shown to
play an important role in sustaining prolifera-
tion in a large percentage of myeloid leukemias
[8, 17]. DUSP5, belongs to the DUSPs family, is
a nuclear phosphatase that targets and
anchors MEK (MAPK/ERK kinase) 1/2, but not
other MAPK kinases [18], and acts as a nega-
tive feedback regulator of the MAPK pathway
which might led to signals promoting or inhibit-
ing cell growth and survival [19]. Recently, it
also has been proposed to be a tumor suppres-
sor in several cancers including hematopoietic
malignancies [20, 21].

Pseudogenes are sequences typically charac-
terized by close similarities to one or more
paralogous genes, yet lost the ability to pro-
duce functional protein mostly due to mutation
or aberrant duplication [22, 23]. However,
recent evidences support that they can serve
as the raw and processed materials for the exa-
ptation of novel functions, particularly in rela-
tion to the regulation of parental gene expres-
sion [24]. To date, there are four DUSP5-related
pseudogenes have been identified in the
human genome including DUSP5P1, DUSP5P2,
DSUP5Psi3 and DSUP5Psi4 [21]. DUSP5P1 is
located on human chromosomal band 1942,
with high homology to DUSP5 [21]. Although
DUSP5P1 over-expression has been observed
in some cancer cell lines including Hodgkin’s
lymphoma cell lines, hematopoietic tumor cell
lines, neuroblastoma cell lines and Ewing sar-
coma cell lines [21], its expression status and
biological function have remained largely
uncharacterized in AML. In our study, real-time
quantitative PCR (RQ-PCR) was used to mea-
sure the DUSP5P1 expression in AML patients
and normal controls. We investigated the
expression status of DUSP5P1 and the clinical
relevance in AML patients.

Materials and methods
Patients and samples

This study was approved by the Ethics
Committee of Affiliated People’s Hospital of
Jiangsu University. The bone marrows derived
from 113 samples, including 89 de novo AML
diagnosed at the Affiliated People’ Hospital of
Jiangsu University and 24 normal controls,
were obtained after written informed consent.
French-America-British (FAB) and World Health
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Organization (WHO) criteria (blast >20%) were
used to approach the diagnosis and classifica-
tion of AML patients [25, 26]. Karyotypes were
analyzed by traditional R-banding method.
Karyotype risk in AML was classified according
to the reported study [27]. The main clinical
and laboratory characteristics of the patient
cohort were summarized in Table 1.

RNA isolation, reverse transcription and real-
time quantitative PCR

The bone marrow mononuclear cells (BMNCs)
were separated by Ficoll-Hypaque gradient.
Total RNA was isolated by using Trizol reagent
(Invitrogen, Carlsbad, CA, USA) following the
manufacturer’s instructions.

cDNA was generated by using 2 pg of total RNA
in a total volume of 40 pL including random
hexamers 10 uM, dNTPs 10 mM each, RNase
inhibitor (RNAsin) 80 units, and MMLV reverse
transcriptase (MBI Fermentas, Hanover, USA)
200 units. The reverse transcription system
was incubated for 10 min at 25°C, 60 min at
42°C, and then stored at -20°C.

DUSP5P1 was amplified using the primers
5-GTGCTGAACTAGGGGAGCTG-3’ (forward) and
5-AGATGGTGGGTGAACAGGAG-3’ (reverse) with
expected products of 548 bp. Real-time quanti-
tative PCR (RQ-PCR) was carried out for all sam-
ple in a final reaction volume of 20 yL, consist-
ing of 0.25 uM of primers, 10 yL SYBR Premix
Ex Taq Il, 0.4 yL 50xROX (TaKaRa, Japan) and
50 ng of cDNA. RQ-PCR was performed on Step
One Plus (Applied Biosystems, CA, USA).
Amplification was carried out at 95°C for 30 s,
followed by 45 cycles at 95°C for 5 s, 62°C for
30 s and 72°C for 30 s, and an fluorescence
collection step at 81°C for 30 s, then followed
by a melting program at 95°C for 15 s, 60°C for
60s,95°Cfor15s,and 60°Cfor 15 s. Negative
and positive controls were involved in all
assays. The specificity of RQ-PCR products was
certified by melting curves and DNA sequenc-
ing. The housekeeping gene (ABL) was used to
calculate the abundance of DUSP5P1 mRNA.
Relative DUSP5P1 expression values were
achieved according to the following equation:
NDUSP5P1=( DUSPSM)ACT(DUSP5Plcontr0\—sample)+(EABL)ACTABL
(controlsample)x 1 000 %o0. The parameter efficiency
(E) derived from the formula E=10/sPe) (the
slope referred to CT versus cDNA concentration
plot).
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Figure 1. Relative expression levels of DUSP5P1 in
AML and controls.

Gene mutation detection

NPM1 and C-KIT mutations were detected by
high-resolution melting analysis (HRMA) as
reported previously [28]. Briefly, genomic DNA
samples were amplified using gene-specific
primers. Then, mutation scanning was conduct-
ed for PCR products using HRMA with the
LightScannerTM platform (Idaho Technology
Inc, Salt Lake City, Utah). To confirm the results
of HRMA, all positive samples were detected
using direct DNA sequencing. C/EBPA muta-
tions and FLT3 internal tandem duplication
(ITD) were directly DNA sequenced [29, 30].

Statistical analysis

All statistics were analyzed with the SPSS 18.0
software package (SPSS, Chicago, IL). Pearson
Chi-square analysis or Fisher exact test was
employed to compare the difference of categor-
ical variables between patients groups. At the
same time, Kruskal-Wallis test (multiple groups)
and Mann-Whitney U-test (two groups) were
executed to compare the distinction of continu-
ous variables between patients groups and
controls. The correlation between DUSP5P1
expression and the clinical hematologic param-
eters was analyzed with Spearman’s rank cor-
relation. Overall survival (OS) was estimated
following the Kaplan-Meier method. For all
analyses, a two-tailed P value of 0.05 or less
was considered as statistically significant.

16075

Results
DUSP5P1 expression in AML

We evaluated the level of DUSP5P1 expression
in AML patients and normal controls. DUSP5P1
expression in AML (0-809.80, median 0.6930)
increased significantly compared to controls
(0-1.00, median 0.0013) (P=0.031, Figure 1). A
Noyspsps Fatio equal to or above 0.798 (deter-
mined as the mean plus 3 SD) was selected to
distinguish DUSP5P1 expression in AML
according to N ..., ratio of all controls. Then
this cohort of 89 AML patients was divided into
two groups: low DUSP5P1 expression (<0.798)

and high DUSP5P1 expression (=0.798).

Association of DUSP5P1 expression with clini-
cal and laboratory characteristics in AML

There was no significant difference in sex, age,
hemoglobin, white blood cells, platelet count
and gene mutations between these two groups
(Table 1). However, DUSP5P1 high-expressed
patients had significantly higher percentage of
blasts in bone marrow (BM) than low-expressed
patients (P=0.027) (Table 1). Moreover, among
AML subtypes of M1/M2/M3, the occurrence
rate of DUSP5P1 high expression was signifi-
cant higher in M1 (2/8, 25%) and M2 subtypes
(9/33, 27%) than in M3 subtype (0/17, 0%)
(P=0.034). According to karyotype classifica-
tion, the patients with intermediate (13/53,
24%) and poor karyotypes (5/11, 45%) had
significant higher frequency of DUSP5P1 high
expression than patients with favorable karyo-
type (0/21, 0%) (P=0.003).

Impact of DUAP5P1 expression on outcome of
AML patients

There was no significant difference between
DUSP5P1 high-expressed patients and DU-
SP5P1 low-expressed patients in the rates of
complete remission (CR) after induction thera-
py (P=0.449) (Table 1). However, DUSP5P1
high-expressed patients had significant shorter
overall survival (OS) than those with low expres-
sion (median 4.5 versus 10.5 months, respec-
tively, P=0.038) (Figure 2A). While, among cyto-
genetically normal AML (CN-AML) patients, the
Kaplan-Meier survival curves showed no signifi-
cant difference between cases with and with-
out high DUSP5P1 expression (median 5.5 ver-
sus 12 months, respectively, P=0.125) (Figure
2B).

Int J Clin Exp Pathol 2015;8(12):16073-16080
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Table 1. Correlation between DUSP5P1 expression and patients parameters

Patient’s parameters

Status of DUSP5P1 expression

Low (n=70) High (n=19) P

Sex, male/female 39/31 11/8 1.000
Median age, years (range) 55 (10-87) 62 (29-85) 0.226
Median hemoglobin, g/L (range) 78 (34-138) 71 (32-100) 0.262
Median WBC, x10°/L (range) 10.3 (0.3-528.0) 25.9 (1.5-92.8) 0.224
Median platelets, x10°/L (range) 32.5(3-264) 42 (7-110) 0.467
BM blasts, % (range) 42.5 (1.0-97.5) 69.5 (1.0-109) 0.027
FAB 0.099

M1 6 2

M2 24 9

M3 17 0

M4 15 7

M5 7 1

M6 1 0
WHO 0.092

AML with t(8;21) 4 0

APL with t(15;17) 17 0

AML without maturation 6 2

AML with maturation 20 9

Acute myelomonocytic leukemia 15 7

Acute monoblastic and monocytic leukemia 6 1

Acute erythroid leukemia 1 0

No data 1 0
Karyotype classification 0.003

Favorable 21 0

Intermediate 40 13

Poor 6 5

No data 3 1
Karyotype 0.011

Normal 34 11

1(8;21) 4 0

t(15;17) 17 0

Complex 4 5

Others 8 2

No data 3 1
Gene Mutation*

C/EBPA (+/-) 7/59 3/14 0.420

NPM1 (+/-) 8/56 0/15 0.341

FLT3 ITD (+/-) 10/54 1/14 0.680

C-KIT (+/-) 0/64 1/14 0.190

CR (+/-) 39/29 9/10 0.449

WBC, white blood cells; FAB, French-American-British classification; AML, acute myeloid leukaemia; CR, complete remission; *,
percentage was equal to the number of mutated patients divided by total cases in each group.

Discussion

Traditionally, pseudogenes, regarded as ‘junk
DNA’, are sequence either not transcribed or
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not translated into functional proteins [22, 31].
However, in recent studies it is indicated that
many pseudogenes are transcribed and have
lots of effects on DNA, RNA and protein in both

Int J Clin Exp Pathol 2015;8(12):16073-16080
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Figure 2. A. Survival analysis of DUSP5P1 expression levels with overall sur-
vival of AML patients; B. Overall survival of cytogenetically normal patients.

health and disease, especially in cancer [31]. In
various studies, some pseudogenes expres-
sion can influence its parental genes’ expres-
sion, including downregulation and upregula-
tion [21, 32]. Meanwhile, pseudogene also has
been studied to present differential expression
in cancer tissues, suggesting that it may act as
a biomarker for specific cancers [33]. DUSP5P1
is one pseudogene of DUSP5 in the human
genome. Staege Martin S et al. have observed
that DUSP5P1 is high-expressed while DUSP5
is low-expressed in HL cell lines, which implies
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downregulation of DUSP5
expression also be found
in gastric cancer by promo-
ter CpG island hypermethyl-
ation and its methylation
may act as a valuable epi-
genetic biomarker to predict the clinical out-
come for GC patients [20]. To the best of our
knowledge, an corroborate relationship be-
tween promoter hypermethylation and its pseu-
dogene (DUSP5P1) expression for DUSP5 in
AML has not been documented in the any liter-
ature. Whether hypermethylation of the DUSP5
promoter is correlated with DUSP5P1 expres-
sion and affects the clinical outcome for AML
should be further investigated. In the future,
more cases should be investigated to further
determine its clinical significance in AML.

Int J Clin Exp Pathol 2015;8(12):16073-16080
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The difference in the rates of complete remis-
sion (CR) between patients with and without
high expression of DUSP5P1 was not found due
to the small size of samples. An interesting find-
ing in this study was that high expression of
DUSP5P1 was significantly associated with
unfavorable overall survival in AML patients,
indicating that upregulated DUSP5P1 expres-
sion might be an adverse prognostic factor in
AML. Our study further demonstrated that high
expression of DUSP5P1 occurred less fre-
quently in patients of FAB-M3 subtype than in
other subtype. At the same time, high expres-
sion of DUSP5P1 was more frequent in interme-
diate and poor karyotypes group. AML M3 in
the FAB system (currently konwn as acute pro-
myelocytic leukemia or PML-RARA in the WHO
classification ) is characterized by the translo-
cation t(15;17) and is regarded as a particular
type of AML [35], both by the clinical character-
istics and by the better survival rates than
other subtypes [36, 37]. In addition, cytogenet-
ics provides a key point in the diagnosis, treat-
ment and prognosis of AML [27, 38]. Risk strat-
ification-into favorable, intermediate, or poor
cytogenetic prognosis group-can then be
allowed according to the cytogenetic profile of
the patient [27]. Complex karyotypes (two or
more unrelated abnormalities), monosomy of
chromosome 5, monosomy of chromosome 7,
translocations involving the 11923 locus and
all deletions were stratified into the poor cyto-
genetic prognosis. The intermediate prognosis
group included normal karyotype and trisomies
of chromosomes 4, 8 and 21. The transloca-
tions t(15;17), t(8;21) and inversion (16)/
t(16;16) have the favorable impact on progno-
sis [27, 39]. Moreover, the survival curves of
patients with poor and intermediate prognosis
cytogenetics were grouped together with the
similar poor prognosis according to the report-
ed study [39]. Taken together, we found down-
regulation expression of DUSP5P1 in patients
of FAB-M3 subtype related to favorable progno-
sis and up-regulation expression of DUSP5P1
in patients both of poor and intermediate group
related to poor prognosis in AML. Whether
there is a functional connection between
DUSP5P1 expression and outcome of AML
patients or whether this is only a coincidence
requires further investigations.

In summary, our study has shown that the
increased DUSP5P1 expression is a common

16078

eventin AML patients. Moreover, high DUSP5P1
expression may serve as a prognostic factor in
AML patients. The detection of DUSP5P1
expression may be helpful to the diagnosis and
prognostic stratification in AML.
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