
ABSTRACT

Background: Acute myeloid leukemia (AML) is a
highly fatal disease. Therefore, accurate predictors of
clinical outcome can contribute to the design of appropriate
treatment for individual patients. Proviral integration of
Moloney virus-2 (PIM2) is a key mediator of hematopoietic
cell growth and apoptotic resistance. Nuclear factor kappa
B (NF-κB) activation by PIM2 is required for its anti-
apoptotic function.

Objectives: The aim of the present study was to assess
PIM-2 and NF-κB expression in adult patients with AML
and to determine their correlation with the induction
outcome.

Patients and Methods: This study was conducted on
90 patients with de novo AML and 36 age and sex matched
patients were selected as a control group. Using real time
polymerase chain reaction, PIM2 and NF-κB expression
was analyzed. Patients were followed up by bone marrow
examination on day 28 after induction to assess the re-
sponse to chemotherapy.

Results: There was an over-expression of both PIM-
2 and NF-κB in patients before induction compared to
controls. After induction, those who failed to respond to
induction therapy had higher expression levels than those
who achieved complete remission. A significant positive
correlation was evident between their expression levels
in patients with AML and in patients who had induction
failure. The high expression of PIM-2 was associated with
a lower complete remission rate and worse prognosis.

Conclusion: Over-expression of PIM-2 and NF-κB
in patients with AML is associated with resistance to
induction therapy and low complete remission rate.
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INTRODUCTION

Acute myeloid leukemia (AML) is a fatal
disease caused by the transformation of hemato-
poietic progenitor cells due to a number of
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genetic alterations [1]. Although chemotherapy
can induce complete remission in around 70%
of cases, many patients relapse and die of their
disease. Therefore, identification of accurate
predictors of the clinical outcome can guide the
design of appropriate treatment for individual
patients [2].

The proviral insertion in murine (PIM) lym-
phoma family proteins, whose gene locus was
discovered as a proviral integration site for
Moloney murine leukemia virus infection, in-
cludes three serine/threonine kinase isoforms:
PIM1, PIM2 and PIM3 [3].

The proto-oncogene PIM2 is an essential
mediator of hematopoietic cell growth and ap-
optotic resistance. PIM-2 gene expression is
regulated at both the mRNA and protein levels
by numerous cytokines (especially IL-3) in-
volved in maturation of hematopoietic cells [4],
and as such, PIM-2 kinase plays an important
role in growth, differentiation, and survival of
these cells. The elevated expression of PIM-2
was confirmed in human primary solid tumor
cell lines, hematological cell lines, cells derived
from prostate cancer and in some lymphatic
system neoplasms. PIM2 has been implicated
in the transformation of both T and B lympho-
cytes and is over expressed in human leukemia
and lymphomas [5].

Nuclear factor kappa B (NF-κB) is a key
regulator of the cell survival and differentiation;
its pathway appears to be deregulated in a variety
of tumors, with sustained activity of NF-κB
leading to resistance of apoptosis in tumor cells
[6]. PIM -2 expression maintains high levels of
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NF-κB activity and NF-κB–dependent gene
expression in the absence of growth factor
stimulation, and NF-κB activation by PIM -2
is required for its anti-apoptotic function. There
is evidence that leukemic transformation of
some lymphoid cells expressing PIM-2 trans-
gene is dependent on NF-κB activation [7].
Similar observation on the PIM-2 dependence
on NF-κB activity has been found in human
hepatocellular carcinoma cells as well [8]. How-
ever, there is paucity of data regarding PIM-2
and NF-κB gene expression in acute leukemias.

The aim of the present study was to assess
PIM-2 and NF-κB expression in adult patients
with de novo AML and to determine their cor-
relation with the outcome of induction treatment.

PATIENTS AND METHODS

This study was conducted on 90 patients
with de novo AML. Patients, who met the diag-
nostic criteria for AML, were selected from the
Hematology unit of Alexandria main University
Hospital between January 2014 and December
2015. The patients were 42 males and 48 females
with age range from 15 to 80 years (median age
41.5). Thirty six age and sex matched normal
bone marrow transplantation (BMT) donors
were selected as a control group. They were 9
males and 27 females with age range from 25
to 85 years (median age 48.5). The selection of
these patients was based on the following crite-
ria: Full history taking; thorough clinical exam-
ination; standard diagnostic methods, including
cytomorphological, cytochemical, cytogenetic
and immunophenotypic evaluation which was
established using Miltenyi Biotec MACS
Quant™ flowcytometry analyzer equipped with
MACS Quantify software version 2.4. (positivity
by flowcytometry was defined as an expression
in at least 20% of cells in the gated population
of interest, compared to internal negative control
cells). Inclusion criteria for the study were
newly diagnosed AML with different FAB sub-
types and normal karyotyping by conventional
cytogenetics on bone marrow aspirate (BMA)
at the time of diagnosis. To establish cytogenet-
ically normal (CN-AML), 20 or more metaphase
cells from the samples had to be examined to
assure normal karyotypes. Patients with therapy-
related AML were excluded from the study.RNA
isolation from bone marrow aspirates or periph-
eral blood and cDNA preparation followed by
quantitative real time RT-PCR were done to

assess expression of PIM2 and NF-κB in both
cases and controls.

Then patients received the standard ‘3 + 7’
induction chemotherapy protocol: Doxorubicin
(45mg/m2/day) for 3 days and cytarabine
(100mg/m2/day as a continuous 24h intravenous
infusion) for 7 days. BMA was done between
21 and 28 days after the initiation of chemo-
therapy to demonstrate the morphological re-
mission. Consolidation is comprised of three
to four courses of high-dose cytosine arabinoside
(3g/m2 every 12h on days 1, 3 and 5; total,
18g/m2). Patients were followed up once every
3 months for one to two years with clinical
examination and complete blood counts. BMA
was done if there was any doubt of a relapse
on clinical examination or peripheral smear.
Complete remission (CR) was a normocellular
BM containing less than 5% blasts and showing
evidence of normal maturation of other BM
elements, with neutrophil count of ≥1 x 109/L
and a platelet count of ≥100 x 109/L.

The study was approved by the medical
ethics committee and informed consents were
obtained from all participants involved in the
study. All procedures followed were in accor-
dance with the ethical standards of the respon-
sible committee on human experimentation
(institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008 [5].

PIM2 and NF-κB expression:
Purification of total cellular RNA from hu-

man whole blood was done using the
PureLink® RNA Mini Kit (Ambion by life
technologies, USA). The concentration and
purity of RNA were determined by measuring
the absorbance at 260, 280 and 230nm using
Nanodrop2000 spectrophotometer (Thermo Sci-
entific, USA). A260:A230 ratio greater than
1.9 and A260:A280 ratio greater than 2.1 indi-
cates highly pure RNA. Reverse transcription
(cDNA synthesis) was done using high capacity
cDNA reverse transcription kit (Applied Bio-
systems, USA) by Touchgene gradient thermal
cycler (USA). Quantitative RT-PCR for PIM2
and NF-κB expression was performed using
TaqMan® Universal Master Mix II (Applied
Biosystems, USA). Expression data were nor-
malized to the geometric mean of the house-
keeping gene beta glucuronidase (GUSB) to
control the vari-ability in expression levels by
RT-PCR, using real-time cycler Rotor gene Q®
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(Qiagen, USA). Data analysis was done using
the 2^–∆∆CT method.

Statistical analysis:
Data were fed to the computer and analyzed

using IBM SPSS software package version 20.0
(SPSS Inc., Chicago, IL, USA). Comparisons
between groups for categorical variables were
assessed using Chi-square test (χ2). Student t-
test was used to compare two groups for nor-
mally distributed quantitative variables. Mann-
Whitney test was used to compare two groups
for abnormally distributed quantitative variables.
Paired t-test and Wilcoxon signed ranks test
were assessed for comparison between different
periods. Spearman coefficient was used to cor-
relate between quantitative variables. Signifi-
cance of the obtained results was judged at the
5% level.

RESULTS

PIM-2 and NF-κB expression in patients
with AML:

Blood samples were taken from 90 leukemic
patients before therapy. Demographic findings,
initial peripheral blood counts and parameters
showing tumor burden were done. Using an RT-
PCR approach, we detected the expression levels
of PIM-2 and NF-κB in patients with AML at
diagnosis. The median expression levels for the
patients were 75.0 and 2.35 respectively, while
the levels in controls were 0.11 and 0.17 respec-
tively. The median expression levels of both
PIM-2 and NF-κB were significantly higher in
cases than in controls (p<0.001).

Only 39/90 (43.3%) patients achieved com-
plete remission, while 51/90 (56.7%) cases
failed to respond to induction therapy without
any induction deaths. In relation to the clinical
outcome, the median expression levels of both
PIM-2 and NF-κB were significantly lower
(0.90, 0.70 respectively) in AML patients who
achieved complete remission than those with
induction failure (190.0, 170.0 respectively,
p<0.001) as shown in Table (1). Meanwhile, no
significant differences were observed between
the particular subtypes stratified according to
the FAB classification in AML.

Correlation studies:
A significant positive correlation was found

between PIM2 and NF-κB expression and age

in patients with AML (rs=0.575 and 0.574)
respectively. Therefore, the older the patients,
the higher the expression levels of PIM2 and
NF-κB. Meanwhile, no association was found
between their expression and gender (p=0.110,
0.129) respectively.

As regards the peripheral blood and bone
marrow aspirate parameters, a significant neg-
ative correlation was evident between PIM2
and NF-κB expression with both hemoglobin
concentration (rs =–0.428, –0.381, p<0.05) and
RBC count in patients with AML (rs=–0.506,
–0.532, p<0.05) respectively. However, a sig-
nificant positive correlation was found between
blast percentage and only PIM2 expression
(rs=0.472, p=0.008). On the contrary, no corre-
lations were observed between PIM2 and NF-
κB expression and WBC count or platelet count.

A statistically significant positive correlation
was evident between PIM2 and NF-κB expres-
sion in patients with AML (rs=0.766, p<0.001)
as well as in the cohort who failed to achieve
complete remission (rs=0.893, p<0.001) as pre-
sented in Table (2).

Table (1): PIM2, NFκB expression in AML patients in
relation to the clinical outcome.

PIM2
expression

NFκB
expression

Gene

Outcome

Abnormally quantitative data expressed in Median (Min. – Max.)
and was compared using Mann Whitney test.

*: Statistically significant at p≤0.05.

190.0
(0.89 – 620.0)

170.0
(0.60 – 560.0)

Induction
failure
(n=51)

0.90
(0.40 – 377.85)

0.70
(0.09 – 2.70)

Complete
remission

(n=39)

<0.001*

<0.001*

p

Table (2): Correlation between PIM2 and NFκB expression
and the clinical outcome in acute myeloid
leukemia according to clinical response.

r

p

r: Spearman coefficient.
*: Statistically significant at p≤0.05.

0.206

0.207

Complete
remission

(n=39)

0.893*

<0.001*

Induction
failure
(n=51)

0.766*

<0.001*

All
Cases
(n=90)
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DISCUSSION

PIM kinases are frequently over-expressed
in human cancer, especially in hematological
malignancies, where they support malignant
cell proliferation and survival [9]. In humans,
increased levels of PIM-2 were described in
different hematological malignancies. In fact,
PIM-2 expression was found to be increased at
both the mRNA and protein levels in several
malignancies that originate from the B-cell
lineage such as chronic lymphocytic leukemia
(CLL), diffuse large B-cell lymphoma (DL-
BCL), mantle cell lymphoma (MCL) or myelo-
ma [5]. It was revealed that PIM-2 kinase inhib-
itor was able to induce apoptosis in CLL and
myeloma cells, suggesting its anti-apoptotic
function [10].

In the present study, PIM-2 expression level
was significantly higher in patients with AML
than in controls. Significant levels of PIM2
were observed in primary blasts from AML
patients but were barely detectable in normal
CD34+ hematopoietic progenitors [11]. This
agrees with the present results which revealed
a significant positive correlation between PIM2
expression and blast percentage.

In addition, the expression of NF-κB was
found to be significantly higher in patients with
AML than in controls. Similarly, constitutive
NF-κB has been detected in 40% of AML cases
and its aberrant activity enables leukemia cells
to evade apoptosis and stimulate proliferation.
These facts suggest that NF-κB signaling path-
way plays a fundamental role in the development
of AML and it represents an attractive target
for the intervention in AML [12].

As regards follow-up of the patients after
induction chemotherapy, early assessment of
response to therapy represents an in vivo assess-
ment of chemosensitivity and may be an eminent
tool to delineate the prognosis in these patients
[13]. It has been considered that failure of
achieving blast clearance from the bone marrow
aspirates after 1 or 2 weeks of induction che-
motherapy indicates a poor prognosis [13]. More-
over, another study has assumed that the persis-
tence of circulating blasts after one week of
multi-agent chemotherapy indicated a poor
prognosis [14]. Meanwhile, the response to
induction chemotherapy has been evaluated by

assessing the degree of residual leukemic infil-
tration in the bone marrow after 14 days of
chemotherapy [15].

Due to bone marrow aplasia on day 14 and
poor general condition of the patients, the eval-
uation of response to induction chemotherapy,
in the current study, was carried out between
21 and 28 days. Those patients who failed to
respond to induction therapy had higher expres-
sion levels of both PIM-2 and NF-κB than those
who achieved complete remission. Based on
the fact that PIM-2 and NF-κB promote cell
survival in leukemic hematopoiesis, our obser-
vation points to the possibility that their high
expression decreases blast cell sensitivity to
apoptosis, including cell death induced by cy-
totoxic drugs. On hematopoietic cells trans-
formed by FLT3-ITD (FMS-like tyrosine kinase
3-internal tandem duplication) and BCR/ABL
mutations, which are frequently expressed in
AML, the suppression of PIM-1 and PIM-2
expression had led to a significant decrease in
cell survival [16]. These results are in accordance
with another study which demonstrated high
PIM-2 expression (both at the mRNA and at
the protein level) in human hepatocellular cancer
cells (HepG2). After PIM-2 knock-down, the
cancer cells lost survival ability in IL-3 starva-
tion medium [17]. Likewise, an increase of the
apoptosis rate was observed after silencing of
PIM-2 gene expression by siRNA (small-
interfering RNAs) in the human colon cancer
cell line SW-480, which proved its anti-apoptotic
action [18]. In addition, it was observed that
antisense oligonucleotides against PIM-2 induce
a significant decrease in the proliferating fraction
of the DU-145 human prostate cancer cell line,
at least in part, due to the inhibition of cell
cycle progression in G1 phase [19]. Moreover,
another study has observed higher levels of
PIM2 mRNA in recurrent CNS lymphomas
refractory to rituximab [20]. In the present study,
a statistically significant positive correlation
was evident between PIM2 and NF-κB expres-
sion in patients with AML as well as in the
cohort who failed to achieve complete remission.
This could be explained by the strong interrela-
tion of PIM-2 and NF-κB pathways in both
leukemo- and tumorigenesis. A key role of NF-
κB in the PIM-2 pathway has been reported in
a mouse model of lymphoma and in human
hepatocellular carcinoma [7,8].

PIM-2 & NF-κB Expression in AML
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In our studied cohort, no mortality was de-
tected. However, a recent study has shown that
elevated PIM2 gene expression was associated
with poor survival of patients with acute myeloid
leukemia suggesting another aspect of its pos-
sible prognostic significance [21]. In this aspect,
our results showed that high expression of PIM-
2 gene was associated with a lower complete
remission rate and worse prognosis. This rela-
tionship may suggest relevance of PIM-2 ex-
pression as a possible prognostic factor in pa-
tients with acute myeloid leukemia.

In conclusion, overexpression of PIM-2 and
NF-κB in patients with AML is associated with
resistance to induction therapy and low complete
remission rate.

The authors declare that they have no conflict
of interest.

REFERENCES
1- Patel J, Gönen M, Figueroa M, Fernandez H, Sun Z,

Racevskis J, Van Vlieberghe P, Dolgaley I, Thomas
S, Aminova O, Huberman K, Cheng J, Viale A, Socci
ND, Heguy A, Cherry A, Vance G, Higgins RR, Ket-
terling RP, Gallagher RE, Litzow M, van den Brink
MR, Lazarus HM, Rowe JM, Luger S, Ferrando A,
Paietta E, Tallman MS, Melnick A, Abdel-Wahab O,
Levine RL. Prognostic relevance of integrated genetic
profiling in acute myeloid leukemia. N. Engl. J. Med.
2012; 366: 1079-89.

2- Döhner H, Estey E, Amadori S, Appelbaum FR, Büch-
ner T, Burnett AK, Dombret H, Fenaux P, Grimwade
D, Larson RA, Lo-Coco F, Naoe T, Niederwieser D,
Ossenkoppele GJ, Sanz MA, Sierra J, Tallman MS,
Löwenberg B, Bloomfield CD. Diagnosis and man-
agement of acute myeloid leukemia in adults: recom-
mendations from an international expert panel, on
behalf of the European Leukemia Net. Blood. 2010;
115: 453-7.

3- Nawijn MC, Alendar A, Berns A. For better or for
worse: The role of Pim oncogenes in tumorigenesis.
Nat. Rev. Cancer. 2011; 11: 23-34.

4- Fox C, Hammerman P, Cinalli R, Master S, Chodosh
L, Thompson C. The serine/threonine kinase PIM-2
is a transcriptionally regulated apoptotic inhibitor.
Gene Dev. 2003; 17: 1841-54.

5- Cohen AM, Grinblat B, Bessler H, Kristt D, Kremer
A, Schwartz A, Halperin M, Shalom S, Merkel D,
Don J. Increased expression of the hPIM-2 gene in
human chronic lymphocytic leukaemia and non-
Hodgkin lymphoma. Leuk. Lymphoma. 2004; 45:
951-5.

6- Li Q, Verma I. NF-κB regulation in the immune
system. Nat. Rev. Immunol. 2002; 2: 725-734.

7- Hammerman PS, Fox CJ, Cinalli RM, Xu A, Wagner
JD, Lindsten T, Thompson CB. Lymphocyte transfor-

mation by PIM-2 is dependent on nuclear factor-κB
activation. Cancer Res. 2004; 64: 8341-8.

8- Ren K, Zhang W, Shi YJ, Gong JP. PIM-2 activates
API-5 to inhibit the apoptosis of hepatocellular carci-
noma cells through NF-κB pathway. Pathol. Oncol.
Res. 2010; 16: 229-37.

9- Alvarado Y, Giles FJ, Swords RT. The PIM kinases
in hematological cancers. Expert Rev. Hematol. 2012;
5: 81-96.

10- Asano J, Nakano A, Oda A, Amou H, Hiasa M, Takeu-
chi K, Miki H, Nakamura S, Harada T, Fujii S, Kagawa
K, Endo I, Yata K, Sakai A, Ozaki S, Matsumoto T,
Abe M. The serine/threonine kinase PIM-2 is a novel
anti-apoptotic mediator in myeloma cells. Leukemia.
2011; 25: 1182-8.

11- Tamburini J, Green AS, Bardet V, Chapuis N, Park S,
Willems L, Uzunov M, Ifrah N, Dreyfus F, Lacombe
C, Mayeux P, Bouscary D. Protein synthesis is resistant
to rapamycin and constitutes a promising therapeutic
target in acute myeloid leukemia. Blood. 2009; 114
(8): 1618-27.

12- Zhou J, Ching YQ, Chng WJ. Aberrant nuclear factor-
kappa B activity in acute myeloid leukemia: From
molecular pathogenesis to therapeutic target. Onco-
target. 2015; 6 (8): 5490-500.

13- Kern W, Haferlach T, Schoch C, Loffler H, Gassmann
W, Heinecke A, Sauerland MC, Berdel W, Buchner
T, Hiddemann W. Early blast clearance by remission
induction therapy is a major independent prognostic
factor for both achievement of complete remission
and long-term outcome in acute myeloid leukemia:
Data from the German AML Cooperative Group (AM-
LCG) 1992 trial. Blood. 2003; 101 (1): 64-70.

14- Gajjar A, Ribeiro R, Hancock M, Rivera G, Mahmoud
H, Sandlund J, Crist WM, Pui CH. Persistence of
circulating blasts after 1 week of multiagent chemo-
therapy confers a poor prognosis in childhood acute
lymphoblastic leukemia. Blood. 1995; 86 (4): 1292-
5.

15- Liso V, Albano F, Pastore D, Carluccio P, Mele G,
Lamacchia M, Mestice A, Specchia G. Bone marrow
aspirate on the 14th day of induction treatment as a
prognostic tool in de novo adult acute myeloid leuke-
mia. Haematologica. 2000; 85 (12): 1285-90.

16- Green AS, Maciel TT, Yin C, Mazed F, Townsend EC,
Pilorge S, Lambert M, Paubelle E, Jacquel A, Zylber-
sztejn F, Decroocq J, Poulain L, Sujobert P, Jacque
N, Adam K, So JC, Kosmider O, Auberger P, Hermine
O, Weinstock DM, Lacombe C, Mayeux P, Vanasse
GJ, Leung AY, Moura IC, Bouscary D, Tamburini J.
Pim kinases modulate resistance to FLT3 tyrosine
kinase inhibitors in FLT3-ITD acute myeloid leukemia.
Science Advances. 2015; 1 (8): e1500221.

17- Gong J, Wang J, Ren K, Liu C, Li B, Shi Y. Serine/
threonine kinase Pim-2 promotes liver tumorigenesis
induction through mediating survival and preventing
apoptosis of liver cell. J. Surg. Res. 2009; 153: 17-
22.



22

18- Zhang S, Du Q., Ying Y, Ji Z, Wang S. Polymerase
synthesis and potential interference of a small-
interfering RNA targeting hPim-2. World J. Gastroen-
terol. 2004; 10: 2657-60.

19- Dai J, Zhang S, Zhang W, Lin R, Ji Z, Wang S.
Antisense oligodeoxynucleotides targeting the
serine/threonine kinase Pim-2 inhibited proliferation
of DU-145 cells. ActaPharmacol. Sin. 2005; 26:
364-8.

20- Rubenstein J, Li J, Chen L,Advani R, Drappatz J,

Gerstner E, Batchelor T, Krouwer H, Hwang J, Auer-
back G, Kadoch C, Lowell C, Munster P, Cha S,
Shuman MA, Damon LE. Multicenter phase 1 trial
of intraventricular-immunochemotherapy in recurrent
CNS lymphoma. Blood. 2013; 121 (5): 745-51.

21- Kapelko-Slowik K, Owczarek TB, Grzymajlo K,
Urbaniak-Kujda D, Jazwiec B, Slowik M, Kulicz-
kowski K, Ugorski M. Elevated PIM2 gene expres-
sion is associated with poor survival of patients with
acute myeloid leukemia. Leuk. Lymphoma. 2016;
13: 1-10.

PIM-2 & NF-κB Expression in AML


	B.1

