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Increased expression of PIM-2 and NF-kB genes

in patients with acute myeloid leukemia (AML) and
acute lymphoblastic leukemia (ALL) is associated
with complete remission rate and overall survival

Zwiekszona ekspresja genéw PIM-2 i NF-B u chorych
z ostrg biataczka szpikowa i limfoblastyczng wykazuje
zwigzek z remisjq catkowitg i przezyciem
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Summary

PIM-2 is a proto-oncogene that encodes for a serine/threonine kinase that interacts with various
signaling molecules. PIM-2 is highly expressed in neoplastic tissues and in leukemic and lymphoma
cell lines, which is consistent with its role during oncogenic transformation. The nuclear factor
kappa B (NF-kB) pathway appears to be deregulated in a variety of tumors, with sustained activ-
ity of NF-kB leading to apoptotic resistance in tumor cells. The aim of this study was to investigate
whether expression of PIM-2 and NF-kB is altered in acute myeloid leukemia (AML) and acute lym-
phoblastic leukemia (ALL).

One hundred forty-three patients were included: 91 with AML and 52 with ALL, aged 18-84
(median 46.7). Eighty-three patients (51 AML and 32 ALL) reached complete remission (CR).
Bone marrow samples were collected at the time of diagnosis. Control samples were obtained
from 24 healthy donors. We analyzed PIM-2 and NF-kB expression by RQ-PCR analysis.

Expression of both PIM-2 and NF-kB genes in all leukemic patients and both subgroups AML
and ALL was significantly higher than in controls. AML patients who reached CR expressed
PIM-2 and NF-kB at significantly lower levels than patients with primary resistance to chemo-
therapy who did not reach CR (NCR). Survival analysis revealed that in AML patients, higher
expression of PIM-2 was related to significantly shorter patients’ overall survival (OS).

Our data indicate that increased expression of PIM-2 and NF-kB genes may be involved in patho-
genesis of AML and ALL. Moreover, high PIM-2 expression could be associated with CR rate and
OS in AML patients.
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INTRODUCTION

Inhibition of apoptosis is one of the most important
phenomena inducing accumulation of neoplastic cells
in leukemia patients. Despite extensive research, intra-
cellular events leading to prolongation of cell life and
resistance to pro-apoptotic factors are still not clearly
defined. In recent years, the search for such events led
to focusing on an anti-apoptotic factor, PIM-2 (Proviral
integration of Moloney virus-2). PIM-2, along with PIM-1
and PIM-3, belongs to a serine/threonine kinase fam-
ily encoded by proto-oncogenes PIM-2 PIM-1 and PIM-3
[2,7,26]. PIM-2 gene expression is regulated at both the
mRNA and protein levels by numerous cytokines (es-
pecially IL-3) involved in maturation of hematopoietic
cells [13], and as such, kinase PIM-2 plays an important
role in growth, differentiation, and survival of these
cells. Its action is synergistic with another independent
pro-survival pathway, PI3K/AKT/m-TOR. Murine model
analyses led to the conclusion that incapacity of one of
these pathways may be, at least partially, compensated
by activities of the other [16].

The elevated expression of PIM-2 was confirmed in human
primary solid tumor cell lines (G361, A-549, SW-480) as
well as hematological cell lines (HL-60, K-562, RAT]) [4,24].
Alterations in PIM-2 gene expression regulation were also
shown in cells derived from prostate cancer and in some
lymphatic system neoplasms [10,11,27]. Nuclear factor
kappa B (NF-kB) is a key regulator of cell survival and
differentiation [21]. In the inactive state NF-kB proteins
occur as homodimeric or heterodimeric complexes in the
cytoplasm bound to IkB proteins. After stimulation IkB
is phosphorylated, ubiquitinated and degraded, which
allows translocation of NF-«B to the nucleus and tran-
scription of NF-kB targeted genes including many genes
associated with cell survival: XIAP, and cellular inhibi-
tors of apoptosis such as FLIP, A1, BCL-2, and BCL-X,. The
NF-kB pathway appears to be deregulated in a variety
of tumors, with sustained activity of NF-«B leading to
apoptotic resistance in tumor cells [20,22]. There is evi-
dence that leukemic transformation of the FL5.12 lym-
phoid cells expressing Pim-2 transgene is dependent on
NF-kB activation [17]. Similar observation on the PIM-2
dependence on NF-kB activity has been found in human
hepatocellular carcinoma cells as well [28]. So far, limited
data regarding PIM-2 and NF-kB gene expression in acute

leukemias are available. Significant levels of PIM-2 mRNA
were seen in primary blasts from patients with acute my-
eloid leukemia [25].

The aim in our study was to assess PIM-2 and NF-kB ex-
pression in bone marrow samples collected from AML
and ALL patients and to determine the correlation with
clinical data and the outcome of induction treatment. Our
promising preliminary data indicate increased levels of
PIM-2 mRNA as well as a relationship between PIM-2 ex-
pression and CR rate in patients with AML compared with
normal controls [19].

Parients, CeLL LINES AND METHODS

One hundred forty-three patients were included: 91 with
AML and 52 with ALL, aged 18-84 (median 46.7). Eighty-
three patients (51 AML and 32 ALL) reached complete
remission (CR). Bone marrow samples were collected at
the time of diagnosis. Leukemic bone marrow blasts ac-
counted for more than 80% of the total cellularity, espe-
cially after Ficoll separation. Control samples were ob-
tained from 24 healthy donors.

Clinical characteristics of patients and controls included
in this study are given in Table 1. All of the patients un-
derwent induction remission treatment according to the
PALG (Polish Acute Leukemia Group) program for AML
and ALL [14,18]. Patients were included in the study from
January 1999 to June 2010, and they were observed dur-
ing the period of 1 to 340 months (mean: 18 months).
Complete remission was diagnosed according to standard
criteria [9]. The control group consisted of 24 hematologi-
cally healthy bone marrow donors matching age and sex
of the patients.

Human leukemic cell lines K-562, HL-60 and SD-1 were
used as positive controls regarding expression of the ex-
amined genes.

Real-time PCR (RT-PCR)

Bone marrow was obtained from patients at diagnosis.
Bone marrow mononuclear cells (BMNCs) were separated
by centrifugation on Gradisol L (AquaMedica, Poland).
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Fig. 3. PIM-2 gene expression among AML patients stratified according to
treatment response (CR — complete remission, NCR — not complete
remission)

Fig. 4. NF-kB gene expression among AML patients stratified according to
treatment response (CR — complete remission, NCR — not complete
remission)

Total RNA was isolated from 5-10x10° BMNC using TriRe-
agent® Solution (Ambient/Applied Biosystems) according
to the manufacturer’s protocol. DNA was removed from
isolated RNA samples by DNase treatment using DNA-
free™ reagent (Ambient/Applied Biosystems). Two mi-
crograms of RNA were reverse transcribed to cDNA with
High Capacity cDNA Reverse Transcription Kit (Applied
Biosystems) according the manufacturer’s protocol. Ex-
pression of PIM-2 and NF-xf genes was assessed on a 7500
Real Time PCR System (Applied Biosystems) with Tag-
Man real-time reverse transcription-polymerase chain
reaction (RT-PCR) assay using inventoried TagMan Gene
Expression Assays Hs00179139_m1 and Hs00231653_m1
from Applied Biosystems. The beta-glucuronidase gene
(GUS) was used as an internal control (TagMan Gene Ex-
pression Assay Hs99999908_m1) [5].

The relative gene expression was calculated as the differ-
ence between the C, values of PIM-2 and NF-kB, and GUS
control (AC,) and expressed as 2" for statistical analysis.

Statistical analysis

Statistical analysis was performed using Mann-Whitney
U test for independent samples. The correlation between
quantitative variables was tested with Spearman’s rank
correlation test. Survival analysis was performed with
Kaplan-Meier test.

Resutrs

Expression of PIM-2 and NF-kB genes

In leukemic patients either considered as a whole group
(AML+ALL) or stratified into AML and ALL subgroups, the
median expression of both PIM-2 and NF-«B genes was sig-
nificantly higher than in controls (Fig. 1, Fig. 2 and Table
1, Table 2). Only in AML patients who obtained CR was
the median expression of PIM-2 and NF-xB significantly

555



® Postepy Hig Med Dosw (online), 2013; tom 67: 553-559

Table 1. Clinical data of patients and controls (AML-acute myeloid leukemia, ALL — acute lymphoblastic leukemia, F — females, M — males, CR — complete remission,
NCR — no complete remission, HR — high risk group, IR — intermediate risk group, SR — standard risk group, Hb — concentration of hemoglobin, WBC — white blood
cells, PLT — platelets, g/dL — gram/deciliter, G/L — Giga/liter, SD — standard deviation, MO — minimally differentiated acute myeloid leukemia, M1 — acute myeloid
leukemia without maturation, M2 — acute myeloid leukemia with maturation, M4 — acute myelomonocytic leukemia, M5a — acute monoblastic leukemia, M5b —

acute monocytic leukemia, M6 — erythroleukemia)

AMLA+ALL AML patients ALL patients Control crou
Patients group
MO M1 M2 M5a+M5b M6 B-cell T-cell
7 18 19 6+10 3 43 9
" 143 o1 5 2%
Age (median) 46.7 48.7 43 473
Sex
EM 61/82 41/50 20/32 1/13
CR/NCR 83/60 51/40 32/20 -
HR/IR/SR 69/55/19 25/55/11 44/0/8 -
Hb g/dL 9.67+1.98 9.13+1.89 9.47+1.86 15.4+2.87
(mean=SD)

WBC G/L (mean=SD) 45.33+56.7 48.02+66.26 46.5+45.9 5.56+1.77
PLT G/L (mean=SD) 73.41+71.65 70.05+78.9 81.69+82.79 249.1+87.3
Blasts in peripheral

+ + +,
blood, G/L (mean=:D) 48.9+37.5 39.6+57.7 62.2+85.2 0
0 .
% Blasts in myelogram 8678431 §7.68:5.69 85.847.43 0

(mean=+SD)

lower than in patients who did not respond to induction
treatment (Fig. 3, Fig. 4 and Table 2). The relationship of
both PIM-2 and NF-kB mRNA levels with response to in-
duction therapy was not seen in the ALL group. No sig-
nificant differences were observed between AML and ALL
subgroups (Table 2) and between particular subgroups
stratified according to the FAB classification in AML and
ALL patients (data not shown).

For AML patients, a positive correlation between PIM-2 and
patient age (R=0.23, p=0.02) was observed. There was no cor-
relation between PIM-2 or NF-kB expression and absolute leu-
kemic cell count in peripheral blood, hemoglobin concentra-
tion, platelet count or presence of chromosomal aberrations.

PIM-2 and NF-kB expression was additionally assessed in
K-562, HL-60, and SD-1 leukemic cell lines, and was found
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Table 2. Median expression of PIM-2 and NF-kB genes in patients and controls (AML — acute myeloid leukemia, ALL — acute lymphoblastic leukemia, (R — complete

remission, NCR — no complete remission)
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“\:IV;':" 083 13 2 151 1,04 132 151 146 jv\15511-:0050(;)oo(;)()10
minmay (01215 017726 (027505 (058726 (027505 (067439) (056726  (073-265) ey
7vs8=N.S.
251=0.0000001
(Jggi':n 021 0.6 0.77 0.53 043 081 0.59 051 Zﬁtggggggg:
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7vs8=N.S.
to be increased at both the mRNA and protein levels in
1.0

hd
0

& o o 2 2
2 o o N

b
o

e
©

PIA-2<0,77

Cumulative proportion surviving

e
(X

e
o

 PRM-2-0,7T

o

0 10 20 30 40 50 60 70 80 90 100 110
Time [months]

Fig. 5. Cumulative overall survival among AML patients stratified by PIM-2 gene
expression. Patients were stratified as above or below the median value of
PIM-2 gene expression (0.77)

to be significantly higher than in the control group, and
was comparable to values obtained in leukemic patients
(data not shown).

Survival analysis

In univariate analysis, a difference in overall survival be-
tween the AML patients with expression of PIM-2 below
and above the median value (estimated at 0.77) was ob-
served (p=0.0377) (Fig. 5). Such a difference was not ob-
served in AML patients with respect to NF-kB expression.

Discussion

The analyses of cell lines and some studies carried out
on lymphoma cells indicated that increased PIM-2 ex-
pression may be involved in the pathogenesis of hemato-
logical malignancies. In fact, PIM-2 expression was found

chronic lymphocytic leukemia, follicular lymphoma, and
diffuse large B-cell lymphoma compared to normal cells
[10]. Recent data revealed that PIM-2 kinase inhibitor
was able to induce apoptosis in CLL and myeloma cells,
thus suggesting its anti-apoptotic function [3,8]. There-
fore recently, interest in cancer research has focused on
PIM-2 serine/threonine kinase, whose expression is regu-
lated by hematopoietic cytokines, such as IL-3. Growth
factor-induced increase in PIM-2 expression suppress-
es apoptosis and promotes cell survival in hematologic
malignancies and solid tumors [6,13]. These events are
consequences of PIM-2-mediated phosphorylation of the
factors involved in apoptosis signaling, thus conferring
apoptotic resistance in the neoplastic cells [23,31]. Yet,
the influence of PIM-2 activity on cellular proliferation
is still controversial.

In addition, a strong interrelation of PIM-2 and NF-kB path-
ways in both leukemo- and tumorigenesis has been dem-
onstrated. A key role of NF-kB in the PIM-2 pathway has
been reported by Hammerman et al. in a mouse model of
lymphoma and by Ren et al. in human hepatocellular car-
cinoma [17, 28]. PIM-2 kinase activates apoptosis inhibitor
5 (API-5), which is a downstream factor for NF-kB. More-
over, apoptosis triggered by high PIM-2 expression could
be reversed by NF-kB repressor [28]. So far, there are only
a few publications regarding the role of these two factors
in the development of acute leukemias in humans. A recent
report by Adam et al. on hematopoietic cells transformed
by FLT3-ITD (FMS-like tyrosine kinase 3-internal tandem
duplication) and BCR/ABL mutations, which are frequently
expressed in AML and ALL, demonstrated that the sup-
pression of PIM-1 and PIM-2 expression led to a significant
decrease in cell survival and immortality [1]. Mizuki et al.
observed that PIM-2 mRNA was significantly induced in the
AML samples [25]. Moreover, Tamburini et al. found that
PIM-2 kinase was constitutively expressed in AML blasts,
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but was barely detectable in normal CD34* hematopoietic
progenitors [30]. Therefore, we performed comparative
analysis of PIM-2 and NF-kB gene expression in bone mar-
row of AML and ALL patients and in normal hematopoietic
cells. We found that levels of PIM-2 and NF-xB transcripts
were significantly and similarly higher in bone marrow
cells of acute leukemia patients as well as in HL-60, K562,
and SD-1 leukemic cell lines compared to normal cells. The
current study is in accordance with the previous report
conducted on pre-B-derived murine cell line FL5.12, indi-
cating that lymphoid cells transfected with Pim-2 kinase
demonstrated longer survival [17]. High PIM-2 expression
(both at the mRNA and at the protein level) was also dem-
onstrated by Gong et al. in human hepatocellular cancer
cells (HepG2). After PIM-2 knock-down, the cancer cells
lost survival ability in IL-3 starvation medium [15]. On the
other hand, Dai JM et al. observed that antisense oligo-
nucleotides 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 [12]; no signs of apop-
tosis of the tumor cells were also seen in this report. In
contrast, Zhang et al. observed an increase of the apopto-
sis rate 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 [32].
Also, recent data revealed that PIM-2 kinase inhibitor was
able to induce apoptosis in CLL and myeloma cells [3,8].

An important observation of our study was that PIM-2
and NF-kB gene expression was found to be lower in pa-

REFERENCES

tients with AML who reached CR in comparison to the
AML group, in which induction treatment was ineffec-
tive. Our finding of a PIM-2 relationship with the clinical
outcome is in line with a recent report of Rubenstein et
al., who observed higher levels of PIM2 mRNA in recur-
rent CNS lymphomas refractory to rituximab [29]. Based
on the fact that PIM-2 and NF-xB promote cell survival in
leukemic hematopoiesis, our observation points to the
possibility that their high expression decreases blast cell
sensitivity to apoptosis, including cell death induced by
cytotoxic drugs. In addition, our results showed that the
lower PIM-2 expression in AML blasts corresponded with
patients’ overall survival, suggesting its possible prog-
nostic significance.

CoNcLusION

In the current study, we found that expression of PIM-2
and NF-xB genes was significantly increased in patients
with AML and ALL, confirming their important role in
the pathogenesis of acute leukemias. The high expression
of the PIM-2 gene was associated with a lower complete
remission rate and worse overall survival. Although the
latter relationship was revealed in univariate analysis in
patients with AML only, it may suggest relevance of PIM-
2 expression as a possible prognostic factor in patients
with acute leukemias. Nevertheless, it is possible that the
capacity of PIM-2 and NF-kB to protect blast cells against
cytostatic drug-driven eradication requires cooperation
with other anti-apoptotic intracellular factors, and needs
further studies.

[1] Adam M., Pogacic V., Bendit M., Chappuis R., Nawijn M.C.,Duyster
J.,Fox CJ., Thompson C.B., Cools]., Schwaller J.: Targeting PIM kina-
ses impairs survival of hematopoietic cells transformed by kinase
inhibitor-sensitive and kinase inhibitor-resistant forms of FMS-like
tyrosine kinase 3 and BCR/ABL. Cancer Res., 2006; 66: 3828-3835

[2] AmsonR., Sigaux F., Przedborski S., Flandrin G., Givol D., Telerman
A.: The human proto-oncogene product p33pim is expressed during
fetal haematopoiesis and in diverse leukaemias. Proc. Natl. Acad. Sci.
USA, 1989; 86: 8857-8861

[3] Asano]., Nakano A., 0da A., Amou H., Hiasa M., Takeuchi K., Miki H.,
Nakamura S., Harada T,, Fujii S., Kagawa K., Endo I, Yata K., Sakai A., Oza-
ki S., Matsumoto T., Abe M.: The serine/threonine kinase Pim-2 is a novel
anti-apoptotic mediator in myeloma cells. Leukemia, 2011; 25: 1182-1188

[4] Baytel D., Shalom S., Madgar 1., Weissenberg R., Don J.: The hu-
man Pim-2 proto-oncogene and its testicular expression. Biochim.
Biophys. Acta, 1998; 1442: 274-285

[5] Beillard E., Pallisgaard N., van der Velden VHJ., Bi W., Dee R., van
der Schoot E., Delabesse E., Macintyre E., Gottardi E., Saglio G., Wat-
zinger F., Lion T., van Dongen J.J., Hokland P., Gabert ].: Evaluation of
candidate control genes for diagnosis and residual disease detection
in leukemic patients using ‘real-time' quantitative reverse-trans-
criptase polymerase chain reaction (RQ-PCR) - a Europe against
cancer program. Leukemia, 2003; 17: 2474-2486

[6] Brault L., Gasser C., Bracher F., Huber K., Knapp S., Schwaller J.:
PIM serine/threonine kinases in the pathogenesis and therapy of
hematologic malignancies and solid cancers. Haematologica, 2010;
95:1004-1015

[7] Breuer M.L., Cuypers H.T., Berns A.: Evidence for the involvement
of pim-2, a new common proviral insertion site, in progression of
lymphomas. EMBO J., 1989; 8: 743-748

[8] Chen L.S., Redkar S., Bearss D., Wierda W.G., Gandhi V.: Pim ki-
nase inhibitor, SGI-1776, induces apoptosis in chronic lymphocytic
leukemia cells. Blood, 2009; 114: 4150-4157

[9] Cheson B.D., Bennett J.M., Kopecky K.J., Biichner T., Willman C.L.,
Estey E.H., Schiffer C.A., Doehner H., Tallman M.S., Lister T.A., Lo-
-Coco F., Willemze R., Biondi A., Hiddemann W., Larson R.A., Léwen-
bergB., Sanz M.A., Head D.R., Ohno R., Bloomfield C.D., International
Working Group for Diagnosis, Standardization of Response Crite-
ria, Treatment Outcomes, and Reporting Standards for Therapeu-
tic Trials in Acute Myeloid Leukemia: Revised recommendations of
the International Working Group for Diagnosis, Standardization of
Response Criteria, Treatment Outcomes, and Reporting Standards
for Therapeutic Trials in Acute Myeloid Leukemia. J. Clin. Oncol.,
2003; 21: 4642-4649

[10] 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: 951-955

[11] Dai H., Li R., Wheeler T., Diaz de Vivar A., Frolov A., Tahir S.,
Agoulnik I., Thompson T., Rowley D., Ayala G.: Pim-2 upregulation:
biological implications associated with disease progression and per-
inueral invasion in prostate cancer. Prostate, 2005; 65: 276-286

[12] Dai .M., Zhang S.Q., Zhang W., Lin R.X., Ji Z.Z., Wang S.Q.: Anti-
sense oligodeoxynucleotides targeting the serine/threonine kinase

558



Katarzyna Kapelko-Stowik et al. — Expression of PIM-2 and NF-kB genes is increased in patients with acute myeloid leukemia (AML) ...

Pim-2 inhibited proliferation of DU-145 cells. Acta Pharmacol. Sin.,
2005; 26: 364-368

[13]Fox C,J., Hammerman P.S., Cinalli R.M., Master S.R., Chodosh L.A.,
Thompson C.B.: The serine/threonine kinase Pim-2 is a transcriptio-
nally regulated apoptotic inhibitor. Gene Dev., 2003; 17: 1841-1854

[14] Giebel S., Holowiecki J., Krawczyk-Kulis M., Jagoda K., Stella-
-Holowiecka B., Sadus-Wojciechowska M., Hellmann A., Dmoszynska
A., Paluszewska M., Robak T., Konopka L., Seferynska I., Skotnicki
A.B., Kyrcz-Krzemien S.: Impact of granulocyte colony stimulating
factor administered during induction and consolidation of adults
with acute lymphoblastic leukemia on survival: long-term follow-
-up of the Polish adult leukemia group 4-96 study. Leuk. Lymphoma,
2009; 50: 1050-1053

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

[16] Hammerman P.S., Fox C.J., Brinbaum M.J., Thompson C.B.: Pim
and Akt oncogenes are independent regulators of hematopoietic
cell growth and survival. Blood, 2005; 105: 4477-4483

[17] Hammerman P.S., Fox C.J., Cinalli R.M., Xu A., Wagner J.D., Lind-
sten T., Thompson C.B.: Lymphocyte transformation by Pim-2 is
dependent on nuclear factor-kB activation. Cancer Res., 2004; 64:
8341-8348

[18] Hotowiecki]., Grosicki S., Robak T., Kyrcz-Krzemien S., Giebel S.,
Hellmann A., Skotnicki A., Jedrzejczak W.W., Konopka L., Kuliczkow-
skiK., Zdziarska B., Dmoszynska A., Marianska B., Pluta A., Zawilska
K., Komarnicki M., Kloczko J., Sulek K., Haus O., Stella-Holowiecka B.,
Baran W.,, Jakubas B., Paluszewska M., Wierzbowska A., Kielbinski M.,
Jagoda K., Polish Adult Leukemia Group (PALG): Addition of cladri-
bine to daunorubicin and cytarabine increases complete remission
rate after a single course of induction treatment in acute myeloid
leukemia. Multicenter, phase III study. Leukemia, 2004; 18: 989-997

[19] Kapelko-Stowik K., Urbaniak-Kujda D., Wotowiec D., Dybko J.,
Stowik M., Potoczek S., Kuliczkowski K.: Human Pim-2 expression
in acute myeloid and acute lymphoblastic leukemia patients and
complete remission. Adv. Clin. Exp. Med., 2010; 19, 99-104

[20] Karin M., Lin A.: NF-xB at the crossroads of life and death. Nat.
Immunol., 2002; 3: 221-227

[21]Li Q., Verma .M.: NF-kB regulation in the immune system. Nat.
Rev. Immunol., 2002; 2: 725-734

[22] Lin A., Karin M.: NF-kB in cancer: a marked targed. Semin. Can-
cer Biol., 2003; 13: 107-114

[23] Macdonald A., Campbell D.G., Toth R., McLauchlan H., Hastie
C.J., Arthur ].S.: Pim kinases phosphorylate multiple sites on Bad
and promote 14-3-3 binding and dissociation from Bcl-XL. BMC Cell
Biol., 2006; 7: 1-14

[24] Mikkers H., Allen J., Knipscheer P., Romeijn L., Hart A., Vink E.,
Berns A.: High-throughput retroviral tagging to indentify compo-
nents of specific signaling pathways in cancer. Nat. Genet., 2002;
32:153-159

[25] Mizuki M., Schwable ., Steur C., Choudhary C., Agrawal S., Sargin
B., Steffen B., Matsumura 1., Kanakura Y., Bshmer F.D., Miiller-Ti-
dow C., Berdel W.E., Serve H.: Suppression of myeloid transcription
factors and induction of STAT response genes by AML-specific Ft3
mutations. Blood, 2003; 101: 3164-3173

[26] Reeves R., Spies G.A., Kiefer M., Barr PJ., Power M.: Primary
structure of the putative human oncogene, pim-1. Gene, 1990; 90:
303-307

[27]RenK.,Duan W., Shi Y., Li B., Liu Z., GongJ.: Ectopic over-expres-
sion of oncogene Pim-2 induce malignant transformation of non-
tumorous human liver cell line L02. J. Korean Med. Sci., 2010; 25:
1017-1023

[28] Ren K., Zhang W., Shi Y., Gong J.: Pim-2 activates API-5 to inhi-
bit the apoptosis of hepatocellular carcinoma cells through NF-xB
pathway. Pathol. Oncol. Res., 2010; 16: 229-237

[29] Tamburini J., Green A.S., Bardet V., Chapuis N., Park S., Willems
L., Uzunov M., Ifrah N., Dreyfus F., Lacombe C., Mayeux P., Bousca-
ry D.: Protein synthesis is resistant to rapamycin and constitutes
a promising therapeutic target in acute myeloid leukemia. Blood,
2009; 114:1618-1627

[30] White E.: The pims and outs of survival signaling: role for the
Pim-2 protein kinase in the suppression of apoptosis by cytokines.
Genes Dev., 2003; 17: 1813-1816

[31] Yan B., Zemskova M., Holder S., Chin V., Kraft A., Koskinen P,J.,
Lilly M.: The PIM-2 kinase phosphorylates Bad on serine 112 and re-
verses Bad-induced cell death. J. Biol. Chem., 2003; 278: 45358-45367

[32] Zhang S.Q., DuQ.Y., Ying Y., Ji Z.Z., Wang S.Q.: Polymerase syn-
thesis and potential interference of a small-interfering RNA targe-
ting hPim-2. World J. Gastroenterol., 2004; 10: 2657-2660

The authors have no potential conflicts of interest to declare.

559



