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Abstract

Background: The relation between PIM2 and the transcriptional factor NF κβ have been controversial in literature.
The significance of PIM2 and NF-κβ genes expression on the incidence of acute leukemia (AML and ALL) and its
relevance to the response rate was evaluated. Sixty de novo acute leukemia patients were stratified in 2 groups: 30
acute myeloid leukemia (AML) and 30 acute lymphoblastic leukemia (ALL) patients and compared to 30 sex- and
age-matched controls. The expression level of PIM2 and NF κβ genes was measured using quantitative real-time
polymerase chain reaction (QRT-PCR). The patients were followed with clinical examination and complete blood
counts.

Results: The expression level of PIM2 gene was significantly higher in AML patients (P<0.001) compared to the
control group. The mean expression level of NF κβ gene was significantly high in AML and ALL patients compared
to the healthy control group (P=0.037 and P<0.001; respectively). The overall survival in AML patients was higher in
NF κβ gene low expressers compared to high expressers (P=0.047). The number of AML patients who achieved
complete remission was significantly higher in PIM2 gene low expressers in comparison to PIM2 gene high
expressers (P=0.042).

Conclusion: PIM2 and NF κβ genes might have a role in the pathogenesis of acute leukemia, poor overall survival,
and failure of response to induction therapy.
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Background
Acute myeloid leukemia (AML)—the most common
type of acute leukemia in adults—is an aggressive dis-
ease, characterized by the propagation of clonal neoplas-
tic myeloid hematopoietic precursors with impairment
of normal hematopoiesis [1]. The clinical outcome in
AML ranges from death within a few days of starting
treatment to likely cure. Resistance to treatment repre-
sents the main reason patients are not cured. This mani-
fests as relapse after remission [2].

Acute lymphoblastic leukemia (ALL) encompasses a
group of lymphoid neoplasms. These disorders are
classified by the WHO as B-lymphoblastic or T-
lymphoblastic leukemia/lymphoma. These leukemic pro-
cesses of these neoplasms is associated with the involve-
ment of the peripheral blood, bone marrow, or may be
limited to the infiltration of tissues with absent or lim-
ited (less than 20%) bone marrow association [3].
The PIM kinases are serine/threonine kinases which

function as proto-oncogenes and play a role in cell sur-
vival, through activation of genes involved in cell prolif-
eration [4]. The three isoforms of the PIM kinases
(PIM1, PIM2, and PIM3) play a major role in tumorigen-
esis [5].
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The upregulation PIM2 gene, in variety of cancers,
serves an important role in regulating signal transduc-
tion cascades involved in the promotion of cell survival
and proliferation [6]. In addition, PIM2 gene expression
is involved in the reduction of the cells’ sensitivity to
various apoptotic stimuli and the negative response to
the withdrawal of growth factor [7].
P65 (RelA), RelB, c-Rel, p105/p50, and p100/p52

are members of the NF-κB family of transcription fac-
tors. They form homo- or hetero-dimers and are in-
volved in the regulation of multiple physiological and
pathological processes. In resting cells, the members
of the NF-κB family tend to localize in the cytoplasm
associated with IκBs which is a family of inhibitor
proteins. When stimulated, NF κB are released from
their inhibitor proteins, translocate into the nucleus,
and bind to its target genes and hence, regulates their
transcription [8].
The relationship between PIM2 and NF κB has been

controversial in literature, with some studies placing
PIM2 upstream of NF κB and other studies the reverse
[9]. In the current case control study, we evaluated the
significance of PIM2 and NF-κB genes expression level
on the incidence of acute leukemia (AML and ALL) and
its value in treatment response rate.

Methods
Patients
The present study was conducted on 60 de novo
acute leukemia patients. The patients were recruited
from the outpatient clinic of the National Cancer In-
stitute (NCI). We divided the patients into 2 groups:
the first group consisted of 30 de novo AML patients
and the second group consisted of 30 de novo ALL
patients. AML patients consisted of 18 males and 12
females while ALL patients’ group consisted of 12
males and 18 females. The ages of AML patients
ranged between 17 and 70 years (33.7±14.2), while
the ages of ALL patients ranged between 19 and 55
years (28.9±8.47). Thirty matched healthy subjects
were recruited as controls. The control group con-
sisted of 15 males and 15 females and their ages
ranged from 17 to 53 years (29.23±8.47SD).

Criteria of inclusion and exclusion
De novo acute leukemia patients with different FAB sub-
types were enrolled in the study. AML patients with nor-
mal karyotypes were selected using conventional
cytogenetic analysis, which was performed at the time of
diagnosis on bone marrow aspirate. Twenty or more
metaphase cells were examined to ensure normal karyo-
types (CN-AML) [10]. We excluded therapy related
acute leukemia patients.

Ethical approval and consent to participate
The study was conducted after the approval of the In-
stitutional Review Board of the National Cancer insti-
tute (approval date 3 March 2015; approval no.
2010014035.3), which conforms with the Code of Eth-
ics of the World Medical Association (Declaration of
Helsinki), printed in the British Medical Journal (18
July 1964).We described the aim of this research to
subjects’ parents or responsible relative shared in this
research before enrollment and they gave written
consent.

Laboratory and clinical criteria
The diagnosis of acute leukemia was based on full his-
tory taking and thorough clinical examination. Labora-
tory diagnosis of acute leukemia was based on
morphologic findings: cytochemical stains, immunophe-
notyping by flowcytometry, and molecular studies—in
accordance with the WHO classification [11, 12]. Rou-
tine laboratory examinations included liver and kidney
function tests.

Treatment protocols
The treatment protocol of AML patients consisted of
the standard “3 + 7” induction therapy protocol:
doxorubicin (45 mg/m2/day) for 3 days and cytarabine
(100 mg/m2/day) as a continuous 24 h infusion for 7
days [13]. Consolidation consisted of three to four
courses of cytosine arabinoside (3 g/m2every 12 h on
days 1, 3, and 5; total of 18 g/m2). The treatment
protocol of ALL patients consisted of the following:
induction with hyper CVAD (cyclophosamide 300
mg/m2 IV every 12 h, 6 doses, days 1-3 Mesna 600
mg/m2/day CIVI over 24 h, days 1-3 (optional)).
Doxorubicin 50 mg/m2 CIVI over 24 h day 4, vincris-
tine 2 mg IV day 4 and 11. Dexamethasone 40 mg
PO 1-4 and 11-14. Central nervous system prophy-
laxis consisted of cranial irradiations and intrathecal
chemotherapy [14]. Bone marrow examination on day
28 was used to assess the response to treatment.
Follow-up was done once after 3 months with clinical
examination and complete blood counts. Complete re-
mission (CR) was established as follows: granulocyte
count at least 1.5 × 109/L, platelet count at least 100
× 109/L, absence of peripheral blood blasts, BM cellu-
larity of at least 20% with maturation of all cell lines
and less than 5% blasts, and no extramedullary
leukemia. The appearance of peripheral blood blasts,
more than 5% in the bone marrow or presence of
extramedullary manifestations after CR, was used to
determine the presence of relapse. The remission sta-
tus was assessed after the completion of the
induction.
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RT-PCR expression analysis of PIM2 and NF-κB genes
Three milliliters of blood was withdrawn from the pa-
tients and the control group in a preservative free-EDTA
vacutainer tube. RNA extraction was performed in ac-
cordance to the manufacturer protocol using RNA isola-
tion kit (QIAamp ® RNA Blood Mini Kits). Reversed
transcription (cDNA) was performed in accordance to
the manufacturer protocol, high capacity cDNA reverse
transcription kit (Applied Biosystems, USA) was used,
using T-personal thermal cycler (Biometra). Quantitaive
RT-PCR for PIM2 and NF-κB genes was done using Ap-
plied Biosystems Step one TM Instrument (USA) in ac-
cordance to the manufacturer protocol, using Taqman®
gene expression assays Hs00179139_m1 and
Hs00231653_m1 (Applied Biosystems). The expression
levels were normalized to the geometric mean using the
house keeping gene beta-glucorondinase (GUS) (Taq-
man Gene Expression Assay Hs99999908_1) [15]. The
optimized cycling conditions for PCR were as follows: 50
°C for 2 min, 95 °C for 10 min, then 40 cycles each con-
sisted of 95 °C for 15 s and 60 °C for 1 min. The inter-
pretations were performed by using the comparative Ct

method for relative quantitation (RQ) which is expressed
as 2–ΔΔCt.

Survival analysis
As regards the survival analysis, we calculated the overall
survival (OS) from D0 till the date of death or the last
follow-up date. At the end of the study, the number of
patients was 58 as 2 acute lymphoblastic leukemia pa-
tients refused treatment. The calculation of disease-free
survival was done only for patients who reached CR,
which is assessed form starting treatment until date of
relapse, disease progression, death (irrespective of the
cause), or last follow-up [16].

Statistical analysis
IBM© Statistics version 22 (IBM©Corp., Armonk, NY,
USA) was used for the performance of statistical ana-
lysis. Mean and standard deviation or median and range
were used to express the numerical data as appropriate.
Frequency and percentage were used to express the
qualitative data. The relationship between qualitative
variables was examined by Fisher’s exact test. Mann-
Whitney test was performed for comparison between 2
groups. Kruskal-Wallis test (non-parametric ANOVA)
was used for comparison between 3 groups then pair-
wise comparison was done by post hoc test based on
Kruskal-Wallis distribution. Spearman-rho method was
used for correlation between numerical variables.
Kaplan-Meier method was used for survival analysis and
the log-rank test was used for the comparison between
the two survival curves. All tests were two-tailed. A P
value < 0.05 was considered significant.

Results
The current study was conducted on 60 de novo adult
acute leukemia patients (30 AML and 30 ALL patients),
the cases were compared to 30 age- and sex-matched
healthy control subjects. The descriptive data are sum-
marized in Table 1.

Expression of PIM2 and NF-κβ genes in acute leukemia
patients
The expression level PIM2 and NF-κβ genes were de-
tected using RT-PCR in both AML and ALL patient
groups. The mean level of PIM2 gene expression was
significantly higher in the AML patients compared its
expression level in the healthy control group (P<0.001).
The mean level of expression of PIM2 gene was higher
in ALL patients in comparison to the control group, and
the difference between the groups was nearly statistically
significant (P=0.051). The mean level of expression of
NF κβ was significantly higher in AML and ALL groups
compared to the control group (P=0.0371, P<0.001; re-
spectively) (Table 2).
The association between the expression level of PIM2

and NF-κβ genes and FAB classification of both AML
and ALL subgroups did not reveal a significant

Table 1 Demographic, laboratory and clinical data of acute
leukemia patients (AML and ALL) and control group

Parameter AML No. (%) ALL No. (%) Controls

Gender

Male 18 (60%) 12 (40%) 15 (50%)

Female 12 (40%) 18 (60%) 15 (50%)

Age At diagnosis

Median 30.0 27.0 31.0

Range 17.0-70.0 19.30-55.0 18.0-65.0

Lab. findings

TLC ×103/μL 111.5±138.06a 137.36 ±190.21a 7.11±1. 72 a

Hemoglobin g/dl 7 ±1.7 a 8.4 ±1.6 a 11.7 ±1.0a

Platelet ×103/μL 75.2±81.3 a 59.3±62.1 a 306.3 ±78.5 a

Blastsb 62.6±29.3 a 76.5±26.7a NAd

Clinical data (no. %)

Hepatomegaly 15 (50%) 16 (53.3%) NAd

Splenomegaly 13 (43.3%) 17 (56.7%) NAd

Lymphadenopathy 7 (23.3%) 26 (86.7%) NAd

Response rate (no. %)

CRc 16 (53.3%) 19 (63.3%) NAd

NCRc & e 14 (46.6%) 9 (30%) NAd

aMean±SD (range)
bBone marrow blasts%
cCR complete remission, NCR no complete remission (relapse and death)
dNA not applicable
e2 out of 30 ALL patients refused treatment so the number of NCR reflects the
number of deaths only
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difference (Figs. 1 and 2) .The AML and ALL patients
were further sub-divided according to the presence or
absence of hepatomegaly, splenomegaly, and lymphaden-
opathy. The mean expression level of PIM2 gene was
significantly higher in AML and ALL patients with hep-
atomegaly compared to patients without hepatomegaly
(P=0.037, P=0.038, respectively). The mean level of ex-
pression of NF-κβ gene was significantly higher in ALL
patients with hepatomegaly (P=0.022), while its expres-
sion level was not related to the presence of hepatomeg-
aly in patients with AML. On assessment of the mean
expression level of PIM2 gene in acute leukemia patients
with splenomegaly in comparison to patients with no
splenomegaly, a significant elevation in the level of PIM2
gene was detected in ALL patients with splenomegaly
(P=0.007). The mean expression level of PIM2 gene was
elevated in AML patients with splenomegaly but the
level of expression was not significant (P=0.072). We did
not detect a significant elevation in the expression level
of NF-κβ gene in AL patients with splenomegaly in com-
parison to AML and ALL patients with no splenomegaly.
Similarly, the level of expression of PIM2 and NF-κβ

genes was not significantly elevated in AML and ALL
patients with lymphadenopathy compared to patients
with no lymphadenopathy (Table 3).

Correlative studies
A weak positive correlation was detected between ex-
pression level of PIM2 and NF-κβ genes in AML (r=
0.364, P=0.048) (Fig. 3). No correlation was detected be-
tween PIM2 and NF κβ genes expression level in ALL
patients (r=0.189, P=0.316).

Survival analysis
The median expression level of NF-κβ and PIM2 genes in
AML and ALL patients were calculated. The median ex-
pression level of PIM2 in AML patients was 1.389 while in
ALL patients it was 0.303 (Table 2). The median expres-
sion level of NF-κβ gene in AML patients was 1.019 while
in ALL patients it was 1.988 (Table 2). The median ex-
pression level was taken to discriminate between high and
low expressers of PIM2 and NF-κβ genes in AML and
ALL patients. The median level of expression was used in
the calculation of the survival analysis which included the
overall survival and the disease-free survival. Regarding
the OS in AML patients’ group, a significant difference
was detected, as the cumulative survival at 3 months inter-
val was higher in NF-κβ gene low expressers compared to
high expressers (P= 0.047) (Table 3). There was no signifi-
cant difference detected regarding the cumulative survival
between PIM2 gene low and high expressers in AML pa-
tients’ group (Table 4). In ALL patients, no significant dif-
ference was detected in the cumulative survival at 3
months interval regarding the high or low expressers of
PIM2 and NF-κβ genes (Table 4).
As regards disease-free survival, a significant difference

was detected in PIM2 gene low expressers compared to
high expressers, as regards the percentage of AML pa-
tients who achieved complete remission compared to

Table 2 Expression of NF κβ and PIM2 genes in AL patients
and the controls

Control group AML group ALL group P value

PIM2

Mean±SD 0.164±0.107 8.220±12.902 6.194±21.071 *P1<0.001

Median 0.160 1.389 0.303 *P2=0.510

Range 0.27-0.34 0.13-53.04 0.004-83.64

NF κβ

Mean±SD 0.446±0.297 0.957±0.459 2.697±2.326 *P3=0.009

Median 0.440 1.019 1.988 *P4<0.001

Range 0.55-0.90 0.20-2.20 0.12-8.63

P1, AML/controls; P2, ALL/controls; P3, AML/controls; P4, ALL/controls
*P values are significant if <0.05

Fig. 1 Association of NF-κβ gene expression with
immunophenotyping in AML group

Fig. 2 Association of NF-κβ gene expression with
immunophenotyping in ALL group
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AML patients who did not show a response to induction
(P=0.042) (Table 5). We did not detect a significant dif-
ference between NF-κβ gene high or low expressers as
regards the cumulative 3 months survival in the AML
patients’ group. Similarly, no significant difference was
detected between PIM2 and NF-κβ genes high expressers
and low expressers as regards cumulative 3 months
survival.

Discussion
Failure of induction of apoptosis is an important
phenomenon resulting in the accumulation of neoplastic
cells in leukemic patients [17]. PIM2 which is a member
of PIM kinases (serine/threonine kinases) has three iso-
forms, and the shorter one (PIM2 [34KDal]) has the
strongest function in enhancing cell survival [18]. NF κβ,
one of the main regulators of cell survival and differenti-
ation, cause the expression of certain proteins that result

in the survival of tumor cells through the inhibition of
apoptosis, resulting in cell invasiveness and chemothera-
peutic resistance [19]. It was suggested that the action of
PIM2 on cell proliferation might be related to NF-κβ
signaling [20].
Thus, in an attempt to further document the interrela-

tion between NF-κβ and PIM2 genes expression in acute
leukemia, we set to investigate and evaluate their role in
leukemogenesis in a sample of de novo AML and ALL
Egyptian patients. Furthermore, we investigated their
role in the disease progression and the response to ther-
apy, represented by the OS and the DFS.
In the present study, a significant rise in the mean ex-

pression level of PIM2 was detected in AML patients in
comparison to the control group (P<0.001). As regards
ALL patients, the expression level of PIM2 was higher in
ALL patients compared to the control group; however,
no significant difference was found between the groups
(P=0.051).
The results regarding the level of expression of PIM2

were consistent with the results of the study conducted
by Kataryza et al. (2013) [17]. Similarly, Mizuki et al. ob-
served a significant induction of PIM2 mRNA in AML
samples. In addition, Tamburini et al. found that PIM2
gene was constitutively expressed in AML blasts in con-
trast to their rare expression in normal CD34+
hematopoietic progenitors [21, 22]. Furthermore, PIM2
gene expression was found to be increased in lymphoid
malignancies compared to controls [23].
The increase in the expression level of PIM2 gene in

hematological malignancies could be related to their role
in cell survival and proliferation, as they are downstream
effectors of important oncoproteins such as Ableson
(ABL) and Janus Kinase 2 (JAK2) [24]. Furthermore, a

Table 3 Assocition of lymphadenopathy with the expression of NF κβ and PIM2 genes in AML and ALL patients

Lymphadenopathy N (%) No lymphadenopath N (%) P value

PIM2 gene expression (in AML patients) No. 7 (23.3%) No. 23 (76.7%)

Mean±SD 0.836±4.226 9.744±14.288 0.962

Range 0.609-12.535 0.131-53.040

NF-κβ expression (in AML patients)

Mean±SD 0.836±0.412 0.995±0.457 0.631

Range 0.402-1.284 0.207-2.208

PIM gene expression (in ALL patients) No. 26 (86.7%) No. 4 (13.3%)

Mean±SD 7.090±22.555 0.369±0.195&

Range 0.004-83.644 0.127-0.605

NF-κβ gene expression (in ALL patients)

Mean±SD 2.437±2.198 4.384±2.769&

Range 0.128-8.630 1.024-6.655

N number of patients
*P values are significant if <0.005
&No P value duo to small number of patients

Fig. 3 Correlation between PIM2 and NF-κβ genes expression level
in AML patients

Abed El Rahman et al. Egyptian Journal of Medical Human Genetics           (2021) 22:44 Page 5 of 9



previous study illustrated that inhibition of CDK2 and
pRb expression through upregulating CDKNIA gene ex-
pression has resulted in the downregulation of PIM2
gene and the arrest of the cell cycle in the G0/G1 phase
in lung cancer and hematopoietic malignancies which
thus confirms its anti-apoptotic role [25].
On evaluating the mean level of expression of NF-

κβ gene in AML and ALL patients compared to the
control group, the mean level of expression of NF-κβ

gene has shown a significant increase in both AML
and ALL patients in comparison to the control group
(P=0.009 and P<0.001; respectively). These results are
in accordance with the results of Katarzyna et al. and
Kapleko-Slowik [17, 26]. In a previous study per-
formed by Guzman et al., detailed analysis of
enriched AML stem cells, revealed the activation of
NF-κβ gene in leukemia stem cells (LSCs) population
[27]. Moreover, Kordes et al. detected that NF-κβ

Table 4 Overall survival of AML and ALL patients in relation to NF κβ and PIM2 median expression level

No. No. of deaths Cumulative survival at 3 months (%) Median survival (months) P value

AML patients group

NF κβ gene median expression

1.019low$ 15 1 93.3 ---- % 0.047*

1.019equal/high# 15 6 66.7 12.4

PIM2 gene median expression

1.389low$ 14 3 85.7 12.4 0.872

1.389equal/high# 16 4 75.0 ----

ALL patients group

NF κβ gene median expression

1.988low$ 14 3 78.6 ---- 0.228

1.988equal/high# 14 6 60.0 ----

PIM2 gene median expression

0.303low$ 14 3 64.3 ---- 0.872

0.303equal/high# 14 4 71.4 ----
*P value < 0.05 is considered significant
$Median level of expression lower than
#Median level of expression equal or higher than 1.019
%No median survival because more than half of the patients were still alive

Table 5 Disease-free survival in AML and ALL patients in relation to PIM 2 and NF κβ median expression

No. CR no. Relapse or no. of deaths Cumulative survival at 3 months % P value

AML patients group

NF κβ gene median expression

1.019low$ 15 10 5 56.0 0.593

1.019equal/high# 15 6 9 53.3

PIM2 gene median expression

1.398low$ 14 11 3 85.7 0.042*

1.398equal/high#16 1 8 6 37.5

ALL Patients group

NF κβ gen median expression

0.303low$ 14 9 5 64.3 0.678

0.303equal/high# 14 10 4 71.4

PIM2 gene median expression

1.988low$ 19 11 9 64.3 0.233

1.988equal/high# 11 8 3 71.4
*P value < 0.05 is considered significant
$Median level of expression lower than 1.398
#Median level of expression equal or higher than 1.398
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gene was active in 39 out of a total of 42 ALL sam-
ples without subtype restriction [28].
The results regarding the contribution of NF κβ in

leukemogenesis might be related to its role in anti-
apoptotic genes expression such as the caspase-8 inhibi-
tor FLIP, the apoptosis inhibitor proteins c-IAP1/2 and
XIAP, and the BCL2 family of apoptosis regulators.
Moreover, NF-κβ role in tumorgenesis and leukemia
might be related to its role in the induction and main-
tenance of chronic inflammatory microenvironment.
Moreover, the induction of epithelial mesenchymal tran-
sition by NF κβ might facilitate distant metastases [29].
In the course of our study, we found a significant correl-

ation between the expression of PIM2 and NF-κβ genes in
AML patients (P=0.048), which is in accordance with the
results of the study conducted by Hadeer et al. [30]. Fur-
ther on, Katarzyna et al. found that the levels of expression
PIM2 and NF-κβ transcripts were significantly higher in
acute leukemia patients compared to the healthy control
subjects [17]. The interrelation between PIM2 and NF κβ
was documented in several reports. Hammerman et al. in-
dicated that sustained NF-κβ activity is crucial for the abil-
ity of PIM2 to serve as an oncogene. They reported that
the activation of NF-κβ gene expression by PIM2 is ac-
complished through the induction of phosphorylation of
the oncogenic serine/threonine kinase Cot, resulting in
both enhancement of Iκβ kinase activity and a relocation
of NF κβ from predominantly p50 homo dimers to p50/65
heterodimers [31].
The overall survival of AML patients revealed a signifi-

cant difference as the cumulative survival at 3 months
interval in AML patients was higher in NF-κβ low ex-
pressers compared to high expressers (P= 0.047). Al-
though, the overall survival was better in PIM2 gene low
expressers in comparison to high expressers, the differ-
ence between the two groups was not significant (P=
0.872). In contrast, in the univariate analysis conducted by
Katarzyna et al., a significant difference in the overall sur-
vival was detected between AML patients as regards the
PIM2 gene expression level, above and below the median
value. However, Kataryzna et al. did not report such a dif-
ference with respect to NF-κβ gene expression [17].
After induction therapy, follow-up of AML patients,

revealed a significant elevation in the level of expression
of PIM2 gene in patients who failed to achieve complete
remission in contrast to patients who achieved complete
remission (P=0.042). Furthermore, although the number
of AML patients who achieved CR was higher in patients
with low expression level of PIM2 gene compared to pa-
tients with higher expression level, we did not detect a
significant difference between the groups. These results
are in accordance, with the results of Kapelelko et al.
[32], which indicated that the elevation in the expression
level of PIM2 gene in blastic cells was associated with

resistance to induction therapy, poor prognosis, and
shorter leukemia-free survival in AML patients. In
addition, Hadeer et al. [30] revealed that AML patients
who did not show a response to induction therapy, had
a higher expression of PIM2 and NF-κβ genes in com-
parison to patients who showed response to therapy.
Moreover, perineural invasion, which is a key mechan-
ism involved in the spread of prostate cancer cells was
found to be related to the high expression level of PIM2
gene [33]. Rubenstein et al. observed high expression
level of PIM2 gene in recurrent CNS lymphomas refrac-
tory to rituximab [34]. These observations could be
interpreted by the possibility that high expression of
PIM2 and NF-κβ genes could lower the sensitivity of
blast cells to apoptosis and increase their resistance to
apoptosis induced by cytotoxic drugs [30]. Moreover,
the aberrant expression of NF-κβ gene might be related
to the ability of leukemia cells to evade apoptosis and
stimulate proliferation [35].

Conclusion
The elevated expression of PIM2 and NF-κβ genes in
AML and ALL might indicate their association with the
pathogenesis of acute leukemia. The high expression
level of PIM2 and NF-κβ genes might be associated with
poor overall survival and failure of response to induction
therapy in AML patients only; this might suggest that
PIM2 and NF-κβ genes could be regarded as possible
prognostic markers in acute leukemia. Further studies
with higher number of patients are recommended to
document these observations.
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