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Abstract

(AML).

(P =0.0277) after induction therapy.

Background: High expression of proviral integration site for Moloney murine leukemia virus-1 (PIM-1), a serine/
threonine kinase, is associated with many cancers. The main purpose of this study were to investigate that the correla-
tion between PIM-1 mRNA levels and clinicopathologic features and its clinical significance in acute myeloid leukemia

Methods: gRT-PCR was performed for 118 de novo AML and 20 AML complete remission patients and 15 normal
individuals. All statistical analysis were performed using Graphpad Prism5 software.

Results: We observed that expression of PIM-1T mRNA was higher in AML patients than in healthy individuals and in
complete remission AML patients (P = 0.0177). Further, high PIM-1 mRNA levels were more associated with high-risk
FLT3+ AML patients than the FLT3— group (P = 0.0001) and were also associated with clinical factors such as risk
stratification (P = 0.0029) and vital status (P = 0.0322). Kaplan—Meier survival analysis indicated that PIM-1 mRNA
expression correlated with overall survival (OS), disease free survival (DFS), and relapse rate (RR) in AML patients. Most
importantly, the high PIM-1-expressing patients took longer to achieve complete remission than the low expres-
sion group (P = 0.001). In addition, the complete remission rate was significantly lower in the high PIM-1 group

Conclusions: Above results suggest that PIM-1 mRNA levels may be an independent prognostic factor in AML.
Keywords: PIM-1, mRNA, Expression, Prognosis, Acute myeloid leukemia

Background

The PIM-1 gene is a proto-oncogene located on chro-
mosome 6p21 that encodes a serine/threonine kinase,
found mostly in hematopoietic cells as a member of the
PIM family [1]. It was originally identified as a proviral
integration site for Moloney murine leukemia virus-1
[2]. PIM belongs to a family with three closely related
members (PIM-1, PIM-2, and PIM-3), which are consti-
tutively active serine/threonine kinases that promote cell
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survival, proliferation and migration in several malignan-
cies including cancers [3-5]. PIM-1 tightly regulates its
own expression and function [6, 7], and also regulates
critical signaling pathways like JAK/STAT [3] and PI3 K/
AKT [8]. The PIM-1 gene encodes two isoforms, PIM-1L
and PIM-1S, as a result of translation initiation at two
different sites [2]. PIM-1L is the longer isoform with a
molecular mass of 44 kDa and mainly localizes to plasma
membrane; PIM-1S is the shorter isoform with a molecu-
lar mass of 33 kDa, which predominately localizes into
nucleus and cytosol. These 2 isoforms have distinct func-
tions in various malignancies [9]. Moreover, PIM-1 is also
upregulated in advanced prostate cancer and esophageal
squamous cell carcinoma [10, 11].
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Acute myeloid leukemia (AML) is a biologically com-
plex and clinically heterogeneous disease that accounts
for nearly 80% of adult acute leukemia cases with
increased incidence with age [12]. A number of cytoge-
netic and molecular aberrations have been identified
and form the basis of classification and risk stratification
of AML [13]. In 97% of AML cases, genetic mutations
have been identified, often presented as cytogeneti-
cally normal (CN-AML) AML [14, 15]. Cytogenetics
and mutation testing are the most important prognostic
tools for AML treatment after induction therapy [16].
Although there is rapid improvement in risk stratifica-
tion of AML gene mutations and development of many
new drugs such as monoclonal anti-CD33 antibody,
inhibitor of mutant IDH1 and IDH2 and inhibitor of
DOT1L, majority of patients still experience relapse and
succumb to the disease [17—-20]. The 5-year survival rate
stands at 26% after AML diagnosis, and the extremely
poor survival rate indicates the aggressive nature of this
malignant disease [21]. Recently, studies focused on the
mechanism of PIM-1 transcription and AML [22, 23].
Until now, little data is known regarding the impact of
PIM-1 mRNA overexpression on prognosis in AML
patients.

In this retrospective study, we examined the expres-
sion of PIM-1 at the mRNA level and explored the rela-
tionship of PIM-1 expression with clinicopathologic
parameters, including overall survival. We found that the
expression of PIM-1 was associated with poor prognosis
of AML patients.

Methods

Patients and clinical samples

The study was approved by the Medical Ethical Commit-
tee of First Affiliated Hospital of Second Military Medi-
cal University, China. All 118 patients received induction
therapy with either typically “7 + 3” or a similar regi-
men with daunorubicin and cytarabine-based induc-
tion and consolidation therapies. The “7 + 3” regiment
consisted of the following agents: idarubicin (8—12 mg/
m?/day x 3 days) or daunorubicin (45-90 mg/m?/
day x 3 days), cytarabine (100-200 mg/m?/day x 7 days).
Leukemia cell samples were obtained from 118 new diag-
nosis patients between January 2010 and December 2014
from the Department of Hematology, First Affiliated
Hospital of Second Military Medical University, China.
All patients gave their informed consent for this study.
The patient samples were selected in this study only if
follow up was obtained and all clinical data were avail-
able. Meanwhile, bone marrow samples from complete
remission AML patients (n = 20) and normal individuals
without any blood diseases (n = 15) were also obtained
for this study. Mononuclear cell isolation was performed

Page 2 of 9

using Lymphoprep (Hao-Yang Biological Manufacture
Co., Ltd,, TianJin, China).

RNA extraction and gRT-PCR

Total RNA was extracted from bone marrow mononu-
clear cells isolated from AML and complete remission
AML patients and normal individuals as controls using
Trizol (Invitrogen; Carlsbad, CA, USA) according to the
manufacturer’s instructions. The RNA was quantified
and dissolved with DEPC water. 1ig RNA was converted
to cDNA using a ¢cDNA synthesis kit (Takara Bio, Inc.,
Tokyo, Japan). The content of kit includes PrimeScript
RTase, RNase Inhibitor, Random 6 mers, Oligo dT Primer,
dNTP Mixture and Buffer, and reaction conditions were
as follows: incubation for 15 min at 37 °C, inactivation 5 s
at 85 °C. qRT-PCR was performed in the ABI 7500 ampli-
fication system (Applied Biosystems, Foster City, CA,
USA) using the cDNA samples. Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) was used as an internal
control. The quantitative PCR primers were as follows:
PIM-1 forward, 5-GCAAATAGCAGCCTTTCTGG-3'
and reverse 5-CCTAGGACCCCTGGAGAGTC-3/;
GAPDH forward, 5'-CTCCTGTTCGACAGTCAGCC-3'
and reverse 5-TTCCCGTTCTCAGCCTTGAC-3'. The
SYBR Premix Ex Taq II kit (Takara Bio, Inc., Tokyo,
Japan) was used for real-time qPCR. The PCR conditions
were as follows: 40 cycles of pre-incubation for 30 s at
95 °C, denaturation for 5 s at 95 °C and annealing for 34 s
at 60 °C. The amplification plots were shown in Addi-
tional file 1: Figure S1. The 2~AC method was used to
quantify the relative PIM-1 mRNA levels normalized to
GAPDH mRNA. Calculated results were shown by 2 A
(%).

Patient classification and risk stratification
AML patients were classified as favorable, intermediate
or adverse groups according to 2012 European Leukemi-
aNet clinical practice guidelines based on chromosomal
fusion and gene mutations (Table 1) [13].

Follow-up

Clinical and laboratory examinations were used for the
follow-up of AML patients, including cell morphol-
ogy, immunology, cytogenetics and molecular biology.
Overall survival was defined as the time from the date of
treatment to the date of death or the last follow-up exam-
ination. In the current study, out of the 118 patients, 88
patients died during the follow-up period.

Statistical analysis

Event-free survival (EFS) was defined as the time from
the date of diagnosis to removal from the study due
to relapse, disease progression or death. Disease-free
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Table 1 2012 European LeukemiaNet prognostic-risk group based on cytogenetic and molecular profile

Prognostic-risk group Cytogenetic profile alone

Cytogenetic profile and molecular abnormalities

Favorable 1(8:21)(q22; 922)
inv(16)(p13; 1922)
t(15,17)(a22;q12)

Intermediate CN-AML
t(9;11)(p22; g23)

Cytogenetic abnormalities not included in the favorable or

adverse prognostic risk groups

Adverse inv(3)(q21926.2)

16,9)(p23; g34)

11q abnormalities other than t(9;11)
—5ordel(5q)

Complex karyotype

t(8:21)(922; g22) with no c-KIT mutation
inv(16)(p13; 1922)

t(15,17)(a22; q12)

Mutated NPM1 without FLT3-ITD (CN-AML)
Mutated biallelic CEBPA (CN-AML)

1(8:21)(922;922) with mutated c-KIT

CN-AML other than those included in the favorable or adverse
prognostic group

1(9;11)(p22; 423)

Cytogenetic abnormalities not included in the favorable or
adverse prognostic risk groups

TP53 mutation, regardless of cytogenetic profile
CN with FLT3-ITD

CN with DNMT3A

CN with KMT2A-PTD

inv(3)(q21g26.2)

w6:9)(p23;934)

11q abnormalities other than t(9;11)
—5ordel(5q)

Complex karyotype

CN-AML normal cytogenetics acute myeloid leukemia, /TD internal tandem duplications

survival (DFS) refers to the time from randomization to
relapse or death due to disease progression. Overall sur-
vival (OS) is the time from randomization to death for
any cause. Time to complete remission refers to the time
from the date of diagnosis to acquisition morphological
less than 5% of the leukemia burden by chemotherapy.

All statistical analysis was performed using Graph-
pad Prism5 software. The Student’s t test and one way
ANOVA were used to analyze the correlation between
PIM-1 mRNA expression and the clinicopathological
features in AML patients. Complete remission rate was
analyzed by Chi square test. Kaplan—Meier plots were
generated for patient survival and analyzed using the
Mantel-Cox log-rank test. P value <0.05 was considered
statistically significant.

Results

Clinical characteristics of patients with AML

In present study, we evaluated 118 de novo AML
patients, 35 AML complete remission patients and nor-
mal individuals as controls. The 118 patients with AML
included 62 males and 56 females with a median age of
47 years (range 14—72 years). We used the 2012 European
LeukemiaNet clinical practice guidelines to classify the
patients into 49 favorable, 28 intermediate and 41 adverse
cases. Allogenic hematopoietic stem cell transplanta-
tion had been performed on 31 patients and 87 patients
had received chemotherapy alone. The median follow-
up time of surviving patients was 12 months (range 0.2—
77 months). The clinicopathologic characteristics of the
patients are listed in Table 2.

Relationship between PIM-1 mRNA and clinical features

in AML patients

We first analyzed PIM-1 mRNA expression in samples
from 118 de novo AML and 20 AML complete remis-
sion patients and 15 normal individuals by qRT-PCR.
The results indicated that PIM-1 mRNA was significantly
increased 4-5 folds in 118 AML patients compared to
AML complete remission and normal control individu-
als, respectively (P = 0.0177, Fig. 1a).

We further analyzed the association between PIM-1
mRNA levels and various clinicopathologic features
including gender, age, white blood cell counts, hemo-
globin content, platelet counts, % blasts, FLT3 status,
FAB classification risk stratification, treatment and vital
status by Student’s t test and one-way ANOVA. As shown
in Fig. 1b—d, PIM-1 mRNA levels were significantly cor-
related with risk stratification (P = 0.0029), FLT3 (— or
+; P = 0.0001) and vital status (P = 0.0322). As shown
in Table 2, no significant correlation was found between
PIM-1 mRNA levels and clinical features such as gender,
age, white blood cells, hemoglobin, platelet, blasts (%),
FAB classification and treatment.

High PIM-1 mRNA levels predicts poor prognosis for AML
patients

We further evaluated if PIM-1 mRNA was a prog-
nostic indicator in AML patients by analyzing PIM-1
expression levels with the clinical follow-up informa-
tion based on Kaplan—Meier analysis and log-rank test.
Based on ROC curve, PIM-1 expression level at the
value of 0.5424 (%) was selected as the cut-off value to
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Table 2 Correlation between PIM-1 expression and clinicopathological features in patients with acute myeloid leukemia

(AML)
Clinicopathological Total mRNA expression of PIM-1 P value
feature
Low (n = 38, 32.2%) High (n =80, 67.8%)
Gender
Male 62 7(27.5%) 45 (72.5%) 0.1522
Female 56 21 (37.5%) 35 (62.5%)
Age (years)
<47 67 21(31.3%) 46 (68.7%) 0.3469
>47 51 7 (33.3%) 34 (66.7%)
WBC (x10)
<10 57 6 (28.1%) 41 (71.9%) 0.9206
>10 61 22 (36.1%) 39 (63.9%)
Hb (g/L)
<81 66 18 (27.3%) 48 (72.7%) 0.7689
>81 52 20 (38.5%) 32 (61.5%)
PLT (x10°)
<57 75 28 (37.3%) 47 (62.7%) 0.7321
>57 43 10 (23.3%) 33 (76.7%)
Blasts (%)
<62 54 14 (25.9%) 40 (74.1%) 0.1762
>62 64 24 (37.5%) 40 (62.5%)
FAB classification
M1 4 1 (25%) 3(75%) 0.1162
M2 35 15 (42.9%) 20 (57.1%)
M4 37 11 (29.7%) 26 (70.3%)
M5 37 9 (24.3%) 28 (75.7%)
Mé 5 2 (40%) 3 (60%)
Risk stratification
Low risk 49 24 (48.9%) 25(51.1%) 0.0029°
Intermediate risk 28 9(32.1%) 19 (67.2%)
High risk 41 5(12.2%) 36 (87.8%)
Treatment
Chemotherapy 87 26 (29.9%) 61 (70.1%) 0.9098
HSCT 31 2(38.7%) 9(61.3%)
Vital status
Survival 27 14 (51.9%) 13 (48.1%) 0.0322°
Death 91 24 (26.4%) 67 (73.6%)

HSCT hematopoietic stem cell transplant
@ Statistically significant

define lower- and higher-expression groups. As shown
in Fig. 2, AML patients with higher PIM-1 expression
had significant correlation with DFS (P = 0.0158), RR
(P = 0.0219) and OS (P = 0.0015) compared to those
with lower PIM-1 expression and no significant differ-
ence in EFS (Additional file 2: Table S1). Further, we
observed that the high PIM-1 expression group needed
significantly longer time for complete remission than
the low PIM-1 expression group (P = 0.001, Fig. 3a).
Also, the complete remission rate was significantly

lower in high PIM-1 group (71.25%) than the low
expression group (89.47%) after induction therapy
(P = 0.0277; Fig. 3b). The OS of high PIM-1 expression
group was significantly lower compared to that of the
low PIM-1 expression group in the FLT3+ and FLT3—
categories (Fig. 4). The OS of low PIM-1 expression
group is better than that of high expression group in the
high risk AML patients (Fig. 5). These results indicated
that high PIM-1 expression suggested poor prognosis in
AML.
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Fig. 1 PIM-1 mRNA expression is increased in AML. The one-way ANOVA analysis shows the significant differences of PIM-1 mRNA expression in
AML patients compared with complete remission samples and normal control samples (a) and the significant differences among low risk, inter-
mediate risk and high risk (). The student’s t test results show PIM-1 mRNA expression is obviously upregulated in FLT3+ AML patients and died
patients compared with FLT3— patients and surviving patients (b, d), respectively

Discussion

AML is a heterogeneous disease that is characterized
by clonal expansion of undifferentiated myeloid precur-
sors, which ultimately results in impaired hematopoie-
sis and bone marrow failure [24]. Although 60-80% of
patients with de novo AML achieve complete remis-
sion with induction therapy, significant number of cases
undergo relapse that accounts for the poor overall long-
term survival rate [16, 25]. Hence, accurate assessment
of prognosis is central to the physician deciding between
standard or elevated treatment intensity; consolida-
tion chemotherapy or allogenic hematopoietic stem cell
transplant; established or investigational therapy [26,
27]. Therefore we investigated if PIM-1 mRNA expres-
sion levels can be prognostic in AML by evaluating its
association with various clinical and prognosis param-
eters in AML patients.

Previous studies have indicated that PIM-1 kinase has a
critical role in tumorigenesis [1, 10, 28]. It is an important
anti-tumor therapeutic target because it interacts with
various proteins and regulates many critical signaling
pathways [9]. Oncogenic FLT3-ITD was shown to aber-
rantly activate STATS5 that promoted expression of PIM-1
kinase [29]. The PIM-1 kinase is an integral part of FLT3
signaling pathway and phosphorylates many pro-apop-
totic proteins; in some cases it may act upstream of FLT3
[22, 30]. Recent studies have demonstrated that PIM-1
transcription is regulated by IL-6 and FOXP3, which
suggests that PIM-1 can be a potential target for immu-
notherapy [31, 32]. Also, there is evidence that PIM-1
mediates drug resistance through its interaction with
FLT3 [23, 33]. This suggests that PIM-1 is part of a com-
plex network that regulates tumor progression in AML
and elevated PIM-1 expression maybe of prognostic
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Fig. 3 The comparisons of time (days) of obtaining complete remission and complete remission rate between low and high PIM-1 expression.
Comparisons of the time (days) of obtaining complete remission between low and high expression in patients with AML (a). Comparisons of com-
plete remission rate between low and high expression in patients with AML after induction therapy (b). P value is calculated according to student’s t
test (a). P value is calculated according to Chi square test (b)
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significance to AML patients. Besides, Goldberg et al.
studied that PIM-1 and the RAS pathway are potential
therapeutic targets of high-risk leukemia [34]. In addi-
tion, ETS2, a downstream effector of the RAS/RAF/ERK
pathway, the same as PIM-1, which plays a crucial role in
cell growth and Fu et al. also reported that high expres-
sion of ETS2 predicted poor prognosis in acute myeloid
leukemia [35, 36]. This illustrates that our finding may be
relevant to these studies.

Our data was consistent with previous findings [23],
which shown that PIM-1 was highly expressed in AML
patients with FLT3+ compared with FLT3— patients
(76.47% vs 45.54%, P = 0.0183; Additional file 1: Figure
S1). Furthermore, PIM-1 mRNA was significantly higher
in AML patients compared to both the complete remis-
sion patients and normal control group (Fig. 1a). The

current study demonstrated that PIM-1 high expression
indicates poor prognosis in FLT3+ and FLT3— AML
patients (Fig. 4) and PIM-1 expression was higher in
FLT3+ AML patients than FLT3— (Fig. 1d). Also, it sig-
nificantly correlated with clinical factors like efficacy
and risk stratification suggesting its potential as an inde-
pendent biomarker. Kaplan—Meier analysis revealed that
the AML patients with low PIM-1 expression had sig-
nificantly prolonged overall survival compared with high
PIM-1 expressing patients. Consistent with the findings
in solid tumor, PIM-1 mRNA expression is also up-regu-
lated during malignant transformation in prostate cancer
and esophageal squamous cell carcinoma [11, 37].

Conclusions

Our data indicated that PIM-1 mRNA expression levels
are significantly correlated with prognosis, and might be
an independent prognostic factor in AML. Simultane-
ously, the results also might provide a novel biomarker
that can be used to diagnose and monitor minimal resid-
ual disease in AML.

Additional files

Additional file 1. Additional figure.

Additional file 2. The comparisons of the number of patients with PIM-1
high expression between FLT3+ and FLT3— group. P value is calculated
according to student’s t test.
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