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BCR-ABL is one of the main mutation found in Chronic Myeloid Leukemia (CML). It is
said to activate STATS and in turn activate BCL-XL (BCL2L1I). In the past, researchers have
silenced these genes separately but a comparative analysis among them has never been
done to find out the best target to induce apoptosis.

In the present study, the effects of downregulating BCR-ABL, STAT5A, STAT5B and BCL-
XL in human chronic myeloid leukemia cell line (K562 cells) were investigated through
RNA interference (RNAi) and the proliferation inhibition and apoptosis induction were
analyzed thereafter. K562 cells were transfected with various concentrations of siRNA and
the expressions of aforesaid genes were determined by reverse transcription - quantitative
polymerase chain reaction (RT-PCR) and Western blot analysis. K562 cell proliferation
and apoptosis were analyzed using MTT and flow cytometry respectively.

RT-PCR and western blotting results post siRNA transfection confirmed the targeted gene
suppression and protein reduction in the cell. The cell proliferation assay and apoptosis
assay revealed that silencing BCL-XL had the highest killing effect on K562 cells as
compared to knocking down BCR-ABL, STAT5A and STAT5B. A further all four gene
expression profile study validated the formerly known direct dependency of BCL-XL on
BCR-ABL via STATS in CML.

Copyright©2018 Vinod Rajendran and Sudha S. Deo. This is an open access article distributed under the Creative Commons Attribution License,

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Chronic myeloid leukemia (CML) or chronic myelogenous
leukemia is a myeloproliferative neoplasm which has an
incidence rate of 1-2 cases per 100000 adults per year. It
accounts for approximately 15% of the newly diagnosed cases
of leukemia with a 5-year survival rate of 67.6% (American
Cancer Society, 2017).

The characteristic feature of CML is the presence of the
Philadelphia (Ph) chromosome which results from a reciprocal
chromosomal translocation at the t(9;22) position. This
aberration has been observed to be present in the bone marrow
(BM) in 95% cases of CML (Gong Z et al., 2017). The
translocation t(9;22) occurs when the Abelson (ABLI), a
tyrosine kinase (TK) gene located on chromosome 9,
juxtaposes to the (BCR) gene, a breakpoint cluster region
located on chromosome 22, leading to an increased TK activity
(Quintas-Cardama A and Cortes J, 2009).

Uncontrolled cancer cell proliferation along with improved
resistance to apoptosis, and alteration of cell adhesion
properties are mechanisms that attribute to BCR-ABL-positive
cells and have been implicated in the pathogenesis of CML.
The disease is known to progress in three phases, the chronic,
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accelerated and Dblast crisis phases, with increased
accumulation of genetic aberrations at every phase (Baccarani
Metal., 2012).

BCR-ABL gene have been shown to participate in many
pathways like MAPK, RAS, RAF, JUN kinase, MYC etc
(Kumar H et al., 2015). One of the important pathways in
CML is the JAK/STAT pathway which includes STATS5 gene as
a downstream component in the pathway. Studies performed in
vitro have shown that BCR-ABL can directly instigate the
tyrosine phosphorylation along with dimerization of STATS,
bypassing JAK2, followed by translocation of STATS dimers
to the nucleus, wherein they trigger the transcription of pro-
survival genes (Hantschel O et al., 2012).

In an earlier study, a correlation was observed between STATS
levels with TKI resistance and disease progression in patient-
cancer cells. It was then shown that increased levels of STATS
caused reduced TKI-mediated cytotoxicity, and decrease of
STATS levels correlated with enhanced TKI-mediated killing.
Although this may suggest that STATS inhibition may serve as
a potent target for TKI resistance in patients with advanced
disease, this strategy may also prove functional for eliminating
CML cells residing in the protective BM microenvironment
(Warsch W et al., 2011).

B-cell lymphoma (BCL) - 2 protein family members are
important regulators in the apoptotic pathway associated with
individual components, such as BCL-XL which can suppress
apoptosis or other factors, and BAX and BAD which can
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promote apoptosis. BCL-XL (BCL2L1) are frequently
amplified or overexpressed in numerous tumor types including
CML. BCL-2, as well as a second member of this family of
anti-apoptotic proteins, BCL-XL, have been suggested as
BCR/ABL-regulated effector molecules (Gotlib J., et al.,
2013). BCL-XL is one of the target of the signal transducer
and activator of transcription 5 (STATS) (Goff DJ et al.,
2013). Furthermore, transfection of Ph+ K562 cells with a
dominant-negative isoform of STATS5 led to a decrease in BCL-
XL expression and subsequent apoptosis of the cells,
suggesting BCL-XL as an important factor in the prevention of
programmed cell death in the context of Ph+ leukemias (Horita
M et al., 2000).

Tyrosine kinase inhibitor (TKI) therapy are given as a front-
line treatment for all the newly diagnosed patients. This
includes drugs like Imatinib, Dasatinib, Nilotinib, Ponatinib,
etc. Yet, 40% of patients who fail the TKI therapy (Imatinib)
are found to harbor a mutation known as T3151 where
threonine is substituted with isoleucine (deLavallade H, et al.,
2008). The incidence of drug resistance has increased over
time owing to mutations in kinase and non-kinase domain in
CML. Small interfering RNA (siRNA) mediated gene
silencing have been shown to be a very powerful tool which is
specific and effective and thus has many therapeutic
applications. In humans, several siRNAs against members of
apoptotic pathway, transcription factors, tyrosine kinase
signaling and other signaling pathway are available at our
disposal (Landry B ef al., 2015). Researchers have silenced
BCR-ABL (Valencia-Serna J et al., 2013), STATS5 (Kaymaz BT
et al., 2013) and BCL-XL (Bogenberger JM et al., 2014) and
seen that K562 cells undergo apoptosis. But the question
remains that silencing which of the following target in STAT
pathway — BCR-ABL, STAT5A, STAT5B and BCL-XL, will be
most potent in killing K562 cells.

In this study, a comparative analysis of silencing BCR-ABL,
STAT5A, STAT5B and BCL-XL individually in human chronic
myeloid leukemia cell line (K562) were evaluated through
interference by respective siRNAs. First, the effect of
downregulating these gene expressions in K562 cells were
analyzed and the proliferation inhibition and apoptosis
induction were confirmed. Secondly, comparisons were made
between the efficacy of each siRNA and its ability to induce
apoptosis in K562 was investigated through Annexin V / PI
staining through flow cytometry. BCL-XL gene silencing
proved to be best target when compared with BCR-ABL,
STAT5A and STAT5B in killing K562 cells. This study
provided an evidence that targeting genes in STAT pathway of
CML, other than BCR-ABL, was also very effective in
inducing apoptosis in cancer cells.

MATERIALS AND METHODS

Cell culturing: K562 cells were obtained from National Center
for Cell Science (Pune, India). The cells were cultured in
Iscove's Modified Dulbecco's Medium (IMDM, Gibco, USA)
supplemented with 10% fetal bovine serum (Gibco, USA) and
antibiotics penicillin (100 kU/L) and streptomycin (100 mg/L)
at 37°C in a humidified incubator with 5% CO..

Gene knockdown in K562: ON-TARGETplus siRNAs for
BCR-ABL, STAT5A, STAT5B and BCL-XL were from
Dharmacon, USA. BCR-ABL siRNA was synthesized using
the following sequence

- 5" GCAGAGUUCAAAAGCCCUUATAT 3’ (Scherr M et al.,
2003) and the remaining siRNAs were ordered off the shelf.
All of the transfections were performed by using HiPerFect
transfection kit (Qaigen, USA) according to the manufacturer's
instructions. Briefly, 2 x 10° K562 cells were plated in per well
of a 24-well plate in 100 pl serum containing IMDM. Required
amount of siRNA was diluted in 100 pl serum free IMDM and
6 pl of HiPerFect transfection reagent was dissolved to the
diluted siRNA for 5 minutes at room temperature. The
complex (106 pl) was added to the cells, gently shaken and
thoroughly incorporated. After 6 hours, 400 ul culture medium
containing serum was added to the cells and incubated until
further analysis. siRNA transfection efficiency was analyzed
by counting positively transfected cells by SiGLO Red
(Dharmacon, USA) per 100 cells under fluorescent
microscope. The cells transfected with Non-targeting (NT)
siRNA (Dharmacon, USA) was used as control.

Reverse Transcription - Quantitative polymerase chain
reaction (RT-gPCR): Total RNA was extracted from the cells
by NucleoSpin® RNA/Protein kit by Macherey-Nagel GmbH
& Co. (Germany) and reversed transcribed into cDNA by
utilizing High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, USA) according to the manufacturer's
instructions. The primer sequences for qPCR were as follows -
BCR-ABL forward, 5'-GTGTGAAACTCCAGACTGTC-3'
and reverse, 5'-CAAAATCATACAGTGCAACGA-3' (Xu C
et al., 2014), STATSA forward, 5-GAAGCTGAACGTG-
CACATGAATC-3' and reverse, 5'-GTAGGGACAGAGTCT
TCA-CCTGG-3' (Kaymaz BT et al., 2013), STATSB forward,
5-AGTTTGATTCTCAGGAA-AGAATGT-3" and reverse,
5'-TCCATCAACAGCTTTAGCA- GT-3' (Kaymaz BT et al.,
2013), BCL-XL  forward, 5-TGCATTGTTCCCAT-
AGAGTTCCA-3" and reverse, 5'-CCTGAATGACCAC-
CTAGAGCCTT-3' (Changchien 1J et al., 2015) and GAPDH
forward, 5'-GTCAACGGATTTGGTCGTATTG-3' and
reverse, 5'-CATGGGTGGAATCA-TATTGGAA-3'
(Wattanapanitch M et al., 2014). Quantitative PCR was
performed in StepOnePlus™ Real-Time PCR System (Applied
Biosystems, USA) in triplicates using SYBR™ Select Master
Mix (Applied Biosystem, USA). The reaction mixture (20ul)
was initially set at 50°C for 2 minutes for UDG Activation,
then at 95°C for 2 minutes for AmpliTaq® DNA Polymerase,
UP Activation and then subjected to 40 PCR cycles of 95°C
for 3 seconds and 60°C for 30 seconds. mRNA levels were
normalized to GAPDH levels.

MTT test: K562 cells were seeded in 24-well plates at a
density of 2x10° cells/well and transfected with required
amount of siRNAs. Cultures were incubated at 37°C in a fully
humidified atmosphere with 5% CO,. After the appropriate
incubation, the wells were added with 60 ul of MTT (0.5
mg/ml) and incubated for another 4 hours. Each well was then
added with 600 pl of DMSO. The absorbance was quantified
at 490nm. Cell proliferation rate was calculated as the
percentage of amount of absorbance of treated cells upon
absorbance of control cells (cells treated with NT siRNA).

Apoptosis detection assay: The cell apoptotic rate was
evaluated by using a fluorescein isothiocyanate (FITC)
Annexin V apoptosis detection kit (FITC Annexin V
Apoptosis Detection Kit I, BD Pharmingen, USA). The siRNA
treated cells were collected, centrifuged at 1,000 rpm for 5
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minutes and washed with precooled PBS. Cells were then
suspended in 1X Binding Buffer at a concentration of 1 x 10°
cells/ml. 5 pl of FITC Annexin V and 5 ul PI were added to
the cell suspension and incubated in dark at room temperature
for 15 minutes. 400 pl of 1X Binding Buffer was added to
each tube and analyzed by BD FACSAria II flow cytometry
within 1 hour.

Western blot analysis: Total proteins were extracted from the
cells by using NucleoSpin® RNA/Protein kit by Macherey-
Nagel GmbH & Co. (Germany) following the manufacturer’s
protocol. Traditional SDS-PAGE was performed and proteins
were transferred to nitrocellulose membranes and then
incubated with specific antibodies after blocking with 5% BSA
solution. The membranes were washed with Tris-buffered
saline and Tween-20 (TBST) and incubated with HRP-
conjugated second antibody for 1 hour at RT. The blot was
developed  with  SuperSignal™  West Pico PLUS
Chemiluminescent Substrate, Thermo Scientific, USA and the
signal was exposed to X-ray film. All antibodies were from
Thermo Scientific, USA and they were used in the following
dilutions — GAPDH (1:5000), BCR-ABL (1:500), STATSA
(1:1000), STAT5B (1:1000), BCL-XL (1:250) and Goat anti-
mouse IgG (H+L) secondary antibody HRP (1:50,000).

Statistical analysis: Results were expressed as mean =+
standard deviation (SD) of  atleast three independent
experiments performed in triplicate. GraphPad Prism 7
(GraphPad Software, Inc, CA, USA) was used for statistical
analysis. The results were compared using students t-test and
one-way ANOVA. Differences between values were
considered significant at p<0.05.

RESULTS

Confirmation of siRNA transfection: To confirm the
successful transfection of siRNA into K562 cells, we used
siGLO Red siRNA at a concentration of 50 nM, 100 nM and
200 nM (nmol/l) for 24 hours. The fluorescent microscopy
image showed the aggregation of siRNA near the nuclear
region in K562 cells (Figure 1).

A Phase Contrast B. siGLO Red sRNA C.DAPI D. Merge

Figure 1 400X magnification of K562 transfected with 50 nM siGLO Red
siRNA. A. Phase contrast image of K562. B. siGLO siRNA seen as red dots.
C. Nuclear region stained in blue by DAPIL D. Merge of all the three images.

The transfection efficiency was estimated by counting
successfully transfected cells per 100 cells in the field of view.
We achieved an average transfection efficiency of 69 + 6.5%,
75 £ 5.5% and 85 + 4.9% for 50 nM, 100 nM and 200 nM
siRNA at 24 hours respectively. The average cytotoxicity of
HiPerFect was found to be 9 + 3.5% when compared with non-
transfected cells for 24 hours. The experiment indicated that as
the concentration of siRNA was increased, the transfection
efficiency improved proportionately.

Effect of siRNA on K562 cells: To explore the gene silencing
effect of siRNAs in K562 cells, we transfected each siRNA in
three concentrations — 50nM, 100nM and 200nM for 24 and 48
hours. After K562 cells were transfected with siRNA, the gene

expression was detected through quantitative polymerase chain
reaction (QPCR) analysis and western blot analysis. The qPCR
results showed that the mRNA level of each gene were
lowered in the transfected cells when compared to the non-
targeting (NT) siRNA transfected controls. There was a
significant amount of silencing observed when all four siRNAs
were used only at 200nM for 24 hours individually while at 48
hours all the concentration used were found to be statistically
significant when compared to their respective controls with
p<0.05. (Figure 2)
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Figure 2 Gene expression after individual gene silencing: K562 was
transfected with 50nM, 100nM and 200nM each of BCR-ABL, STATS5A,
STATS5B and BCL-XL siRNA for 24 and 48 hours. The relative transcript

level of each gene are expressed in % as compared to gene expression of NT
siRNA treated K562 cells. GAPDH gene expression was used to normalize the
expression of other target genes. Values are expressed in % + SD; n=3; *
p<0.05 when each value compared with their respective Control.

The western blot results correlated with the RT-PCR result.
Protein expression were seen to be reducing when 200nM of
siRNA was used for 24 hours. When siRNA was used for 48
hours, protein reduction was seen in all the samples. The
highest protein reduction was seen when 200nM siRNA was
used for 48 hours. (Figure 3)
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Figure 3 Western Blot analysis after individual gene silencing: K562 was transfected
with BCR-ABL siRNA, STATSA siRNA, STATSB siRNA and BCL-XL siRNA
respectively. Each siRNA was used at 50 nM, 100 nM and 200 nM concentration for 24
and 48 hours. With each sample western blotting was carried out for that specific protein
whose gene was silenced with the respective siRNA. NT1 — K562 treated with 200 nM
NT siRNA for 24 hours. NT2 — K562 treated with 200 nM NT siRNA for 48 hours. 1 to 6
— K562 treated with respective siRNAs at mentioned concentration and time points.
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Suppression of tumor cells proliferation: The siRNA
transfected K562 were determined through MTT test to
evaluate whether all the four siRNAs inhibits cell proliferation
individually. In this study, 50 nM, 100 nM and 200 nM of
BCR-ABL, STATS5A, STAT5B and BCL-XL siRNA were
transfected into K562 cells for 24 and 48 hours. The results
revealed that the cell proliferation rate of the transfected cells
were lower than that of the NT siRNA transfected cells
(Control). Statistically significant difference was found when
BCL-XL siRNA was used at 100nM for 48 hours when
compared with the control. All the results were statistically
significant when 200nM of each siRNA was used for 48 hrs.
Compared with that of NT siRNA transfected cells, the lowest
proliferation rate for each siRNA used was observed at 200
nM for 48 hrs. (Figure 4).
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Figure 4 Cell proliferation rate after individual gene silencing: MTT assay
was performed after K562 was transfected with 50nM, 100nM and 200nM
each of BCR-ABL, STATSA, STATSB and BCL-XL siRNA for 24 and 48
hrs. Proliferation rate are expressed in % as compared to the proliferation rate
in K562 cells treated with NT siRNA (Control). Values are expressed in % +
SD; n=3; * p<0.05 when each value compared with their Control.

Apoptosis of K562 cells: In previous experiments, all the four
siRNA’s silencing could inhibit K562 cells proliferation.
When each siRNA was used at 200 nM for 48 hours, the best
silencing effect and the lowest proliferation rate was achieved.
To investigate whether silencing these genes accelerated K562
cell apoptosis, we transfected 200 nM of each siRNA in to
K562 individually and compared the rate of apoptosis with NT
siRNA (200 nM) transfected cells after 48 hours. Apoptosis
was analyzed using Annexin V / PI staining through flow
cytometry. Compared to the control, the apoptotic cells
increased highest by 51.34 + 12.4% in BCL-XL silenced cell
population and lowest by 39.35 + 7.2% in STAT5B silenced
cell population. All the results were statistically significant
when compared with control cells. These results indicated that
silencing BCR-ABL, STAT5A, STAT5B and BCL-XL
individually induced K562 cells to undergo apoptosis. (Figure
5)
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Figure 5 Apoptotic status after individual gene silencing: K562 cells were
assayed through flow cytometry by using Annexin V / PI staining after siRNA
transfection for 48 hours. Representative scatter plot for: A — with 200 nM of
NT siRNA, B — with 200 nM BCR-ABL siRNA, C — with 200 nM STATSA
siRNA, D — with 200 nM STATS5B siRNA, E — with 200 nM BCL-XL siRNA
has been shown. F - Graphical representation of entire data. Results are
expressed in % + SD; n=3, *p<0.05 when compared with Control.

Gene expression profile of individual gene silencing: From
the above experiments, it became evident that 200 nM of
siRNA for 48 hours was better than any concentration of
siRNA used for any duration. We wanted to study the effects
of each siRNA on the expression of other three genes. For this
purpose, 200 nM of each siRNA was transfected in to K562
and gene expression of all four genes were studied after 48 hrs.
When BCR-ABL and STAT5A genes were silenced
individually, the BCL-XL expression was lowered than the
control sample by around 30%. Similarly, when STAT5A4,
STAT5B and BCL-XL gene was suppressed, the expression of
BCR-ABL was lowered as compared to the control by
approximately 15 - 25%. Finally, when BCR-ABL siRNA was
used, the expression of STAT5A reduced by around 10%. None
of the above mentioned differences were statistically
significant, except when the target gene expression was
determined for each of the siRNA used. (Figure 6).
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Figure 6 Gene expression of all targets after individual gene silencing: K562
was transfected with 200nM each of BCR-ABL, STAT5A, STATSB and
BCL-XL siRNA for 48 hours. The relative transcript level of each gene are
expressed in % as compared to gene expression of NT siRNA treated K562
cells (Control). GAPDH gene expression was used to normalize the expression
of other target genes. Values are expressed in % = SD; n=3; * p<0.05 when
each value compared with their respective Control.

DISCUSSION

The central important molecule in CML is the fusion protein
BCR-ABL which is responsible for the disease progression
from chronic phase to the blast crises (Gaiger A et al., 1995).
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Various downstream pathways are deregulated with the onset
of disease including Wnt/B-catenin pathway, PI3K/AKT/mTOR
pathway and JAK/STAT pathway. JAK/STAT pathway plays a
role in normal hematopoiesis but is deregulated in variety of
myeloproliferative disorders including CML (Arrigoni E et al.,
2018).

Research up till now have shown, the role of each of the
protein in the JAK/STAT pathway in CML. BCR-ABL shows
the constitutive activity of phosphorylating tyrosine residue in
various proteins of the cell (Oliver Hantschel. 2012). STAT5A
and STAT5B have been shown to function separately in CML.
It has been shown that STAT5 along with AKT drives the
oncogenesis in CML (Bibi S et al., 2014). It has also been
shown that BCL-XL plays a very important role in maintaining
the cell survival and evading apoptosis in K562 cells (Yin S et
al., 2011).

The siRNA gets entry into the cell within 4 hours of
transfection with lipid based delivery system and almost real
time when other techniques like electroporation or
nucleofection are used. Usually 24 hours is found to be less for
any siRNA to show its gene suppression activity. Therefore, in
this study when the individual genes were silenced in K562
cells, the gene expression reduced to a greater extent at 48
hours’ time point. When every siRNA was used at 200 nM for
48 hours, the highest suppression rates were seen for STAT5B
gene as compared to other three genes. This could be attributed
to the resident gene expression in the K562 cells which would
be lower than the other three genes in this study. BCR-ABL
band at 50nM for 48 hours did not exactly correlate with the
mRNA level. The reason being that BCR-ABL oncoprotein
has a half-life of approximately 40 hours (Dhut S et al., 1990).
Therefore, though the mRNA was silenced the residual protein
in the cell was present for longer hours. This could also be the
reason for a lower inhibition of cell proliferation rate when
BCR-ABL was silenced as compared to when other genes were
silenced in this study.

The cell proliferation assay revealed that the most potent
siRNA amongst the four used in this study was BCL-XL
siRNA. Researchers in past have shown the significant role of
BCL-XL in CML and other myeloproliferative disorders (Harb
JG et al., 2013). This is the first time, we are showing that in
K562 cells, targeting BCL-XL has the highest ability to reduce
cell proliferation as compared to targeting BCR-ABL, STAT5A
or STATS5B. This result was confirmed by apoptosis assay
which clearly showed that more amount of cells underwent
apoptosis when BCL-XL gene was silenced.

The gene expression profile study revealed a lot of interesting
observations. When BCR-ABL was silenced, there was 10%
reduction of STAT5A gene expression. This reduction was not
statistically significant. The reason being, BCR-ABL
phosphorylates STATSA and doesn’t have any direct effect on
the expression of STAT5A gene expression. Many studies have
shown a reduction in Phosphorylated STATS5A (p-STATSA)
when BCR-ABL is blocked using a kinase inhibitor, but the
level of STATS5A protein is unaltered (Schaller-Schoénitz M et
al., 2014). Since silencing BCR-ABL does inhibit the STAT5A
phosphorylation which was responsible for the activation of
BCL-XL, therefore, in our study we found a remarkable
reduction of BCL-XL when BCR-ABL was silenced using
siRNA. This directly correlates with the fact that when
STAT5A is silenced directly by siRNA, it would also exert

similar suppression effect on the expression of BCL-XL which
was evident in our study (Horita M et al., 2000).

Silencing STAT5A, STAT5B and BCL-XL showed a small
decrease in BCR-ABL expression. We think that this could be
because of some feedback mechanism which might signal the
cell to reduce the expression of BCR-ABL gene as its
phosphorylation targets are being knocked down. We also
believe that if BCR-ABL expression is responsible for the
disease progression (Gaiger A ef al., 1995), then the reverse is
also true. In other words, when K562 cell is undergoing
apoptosis, the expression of BCR-ABL should reduce owing to
various apoptotic signaling.

One of the limitation of the present study would be the use of
only one cell line model K562 to ascertain our hypothesis.
Secondly, this study focuses only on one of the many
pathways known in CML and there is a lack of in-vivo
experimentations. However, this study provided evidence
revealing that targeting BCL-XL as against BCR-ABL, STAT5A
or STATSB, is better option to induce apoptosis in K562 cells.
For future studies, we might be targeting multiple genes
silencing in STATS pathway in CML.
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