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Mantle cell lymphoma (MCL) is a B-cell non-Hodgkin lymphoma (NHL) which is one of the most aggressive lymphomas. Despite
recent improvements in therapies, the development of therapy-resistance is still a major problem; therefore, in order to understand
the molecular basis of therapy-resistance, stable therapy-resistant MCL cell lines have been established by us. Based on the gene
expression profiles of these cell lines, Polo-like kinase 1 (PLK1) was chosen as a therapeutic target. In this paper, we demonstrate a
significant antilymphoma effect of targeting PLK1 in therapy-resistant MCL cells and primary MCL cells from refractory patients.
PLK1 knockdown with the antisense oligonucleotide (ASO)/or small molecule inhibitor BI2536 showed significantly decreased
proliferation and increased apoptosis in therapy-resistant MCL cell lines and MCL primary cells. Additionally, the direct protein-
protein interaction partners of PLK1 were mapped using ingenuity pathway and confirmed the level of association of these partners
with PLK1 based on their expression changes following PLK1 knockdown using real-time PCR. Results suggest that PLK1 is a viable
target for the treatment of therapy-resistant MCL.

1. Introduction

Mantle cell lymphoma (MCL) is an aggressive form of B-
cell non-Hodgkin lymphoma. MCL is typically diagnosed
at late stage, predominantly in elderly males and commonly
metastasizes to multiple sites including the liver, kidney,
gastrointestinal tract, or bone marrow [1, 2]. Cytogenetically,
the majority of MCL patients have a t(11;14)(q13;q32) which
deregulates cyclin D1 (CCND1) and immunoglobulin heavy
chain (IGH), resulting in overexpression of CCND1 and
increased proliferation [3, 4].

While the median overall survival has improved to
around seven years with the advancements in therapies, the
recurrence due to therapy-resistance is still a major problem
in refractory MCL. Combination chemotherapy regimens
like CHOP combined with rituximab are common and
frontline responses are generally good, but the development
of therapy-resistance precludes long-term survival [5–7].

Additional options include high-dose therapy followed by
hematopoietic stem cell transplantations and targeted treat-
ments such as bortezomib, lenalidomide, or temsirolimus.
However, the resistance ultimately arises even with second-
line therapies [8–10]. Therefore, it would be beneficial to
identify the molecular mechanisms of therapy-resistance in
MCL and develop a more specific targeted genetic approach
to overcome the problem.

As previously described, our lab has generated therapy-
resistant MCL cell lines from the relapsed lymphoma from
liver (GRL), kidney (GRK), and lungs (GRR) of CHOP and
bortezomib-treated NOD-SCID mice bearing Granta 519
human MCL [11, 12]. During the characterization of these
therapy-resistant MCL cell lines, gene expression profiling
was done in comparison to parental Granta 519 (GP). From
these profiles, genes with known function in drug resistance
pathways were investigated. PLK1 was selected for further
analysis based upon its overexpression in therapy-resistant
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MCL; the fact that a role for PLK1 has not yet been reported in
MCL and because overexpression of PLK1 has been reported
in other cancers as a poor prognostic marker [13–17]. PLK1 is
a kinase that is involved in multiple steps of mitotic progres-
sion including CDK1/Cyclin B1 activation, centrosome mat-
uration, chromosomal separation, APC activation, spindle
formation, and the regulation of spindle assembly checkpoint
control [14, 16–20]. The PLK family was first discovered in
drosophila melanogaster [20, 21]. Four mammalian PLKs
have since been discovered (PLK1-4) [21–23].

Antimitotic drugs have been successful in the treatment
of various types of cancer [24, 25]. They are limited by both
resistance and toxicity because they affect both normal and
cancer cells. Small molecular weight inhibitors of PLK1 and
other mitotic genes have begun to be developed and tested in
clinical trials in an effort to overcome these problems [26–28].
BI2536 is a small molecule inhibitor of PLK1 and was chosen
for use in our studies because it displays remarkably potent
and selective inhibition of PLK1. BI2536 was also shown to
have anticancer effects in a panel of over 30 different types
of cancer cell lines [29–31]. Clinical trials of drugs targeting
PLK1 have reported only moderate side effects [29, 30].Thus,
our preliminary results and published reports indicate that
PLK1 is a viable target to treat refractory MCL.

We hypothesized that PLK1 is involved with the develop-
ment of therapy-resistance in MCL and that the knockdown
of this gene will effectively kill MCL cells that are resistant
to standard therapies. The main objective of this study was
to show that PLK1 plays an important role in therapy-
resistant MCL and that its knockdown has antilymphoma
effects in in vitro therapy-resistant cells as well as primary
cells of leukemic phase MCL patients. Effective induction
of cell death and decreased proliferation in therapy-resistant
MCL cells was observed when these cells were treated with
low nanomolar concentrations of BI2536, a small molecule
inhibitor of PLK1.

2. Materials and Methods

2.1. Generation of Therapy-Resistant MCL Cell Lines. The
therapy-resistant MCL cell lines were established from the
relapsed lymphoma cells from liver, kidney, and lungs from
Granta 519 bearing NOD-SCID mice following treatment
with CHOP chemotherapy and bortezomib as described
previously [11, 12].These therapy-resistant tumor cells derived
from liver, kidney, and lungs were described as GRL isolated
from liver, GRK isolated from kidney, and GRR isolated from
lungs, respectively, and compared to parental Granta 519 cells
(GP).

2.2. Maintenance of Therapy-Resistant MCL Cells. The pa-
rental MCL cell line GP was purchased from Deutsche
Sammlung von Mikroorganismen und Zellkulturen (DSMZ,
Germany). The parental GP, GRL, GRK, and GRR therapy-
resistant MCL cell lines were maintained in RPMI media
(Invitrogen, CA, USA) containing 10% FBS (Atlanta Bio-
logicals, GA, USA), 100U/mL penicillin, 100𝜇g/mL strep-
tomycin (Invitrogen, CA, USA) and 2mM L-Glutamine

(Invitrogen, CA, USA). This medium with supplements is
referred to as RF-10 medium in this paper. The cultures were
maintained in a humidified incubator adjusted at 5% CO

2

and 95% air atmosphere at 37∘C. All cultures were passaged
twiceweekly andmaintained at concentration no greater than
1 × 106/mL.

2.3. Downregulation of PLK1 in Lymphoma Cells. The PLK1
expression was knocked down using antisense oligonu-
cleotide (ASO) or small molecule inhibitor BI2536. The
concentration of PLK1 ASO used in the cell treatments was
5 𝜇M in each case and the concentration of BI2536 used was
10 nM. BI2536 concentration was determined to be the most
effective in previous experiments [30, 31]. In each experiment
where ASOwas used, an extra control, scrambled (SCR) ASO
was also used at 5 𝜇M in addition to the untreated controls.
ThePLK1 and SCRASOsequences are summarized inTable 1.
The knockdown efficiency of both ASO and BI2536 was
tested using quantitative real-time PCR. In each case, PLK1
was undetectable in the treated groups after 40 cycles and
detectable in untreated groups after approximately 24 cycles.

2.4. In Vitro Growth Assays. Twenty thousand cells from GP
and each type of therapy-resistant cell line (GRK, GRL, and
GRR) were cultured in triplicate in RF-10 media containing
PLK1 inhibitor BI2536 or DMSO (vehicle) in 96-well plates.
Similarly, these cells were also treated with PLK1 ASO
or SCR ASO along with untreated controls. The growth
of these cells were determined at 48 and 72 hours using
MTT and 3[H]-thymidine uptake assays. In brief, 25 𝜇L of
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] reagent (5mg/mL in PBS) was added to the culture
and incubated for two hours before the respective time point,
and the cells were lysed using an SDS-based lysing reagent.
The intensity of the color developed was measured at 570 nm
using a plate reader (BioRad). In another set of experiments,
0.5 𝜇Ci of 3[H]-thymidine was added 18 hours prior to cell
harvest. The cells were harvested at 48 and 72 hours using
a PHD cell harvester (Cambridge Technologies, MA, USA).
The incorporated radioactivity was counted using a liquid
scintillation counter (Packard Instruments, IL, USA).

2.5. PLK1 ASO Withdrawal Assay. Twenty thousand cells
from each type of therapy-resistant cell line (GRL, GRK, and
GRR) and parental GP were cultured in triplicate in RF-10
media containing PLK1 ASO or scrambled ASO (control) in
96-well plates. After 48 hours of the ASO treatment, with-
drawal of PLK ASO was performed in the culture following
spin down of the cells and then fresh RF-10 media was
added to the cells. Following withdrawal, cells were further
cultured for 48- and 96-hour time points and their viability
was determined using MTT growth assay. The viability of
cells was compared with PLK ASO-silenced or control ASO-
treated cells.

2.6. Apoptosis and Cytomorphological Analyses. The MCL
cells were cultured at a concentration of 1 × 106 cells/mL
in RF-10 media containing BI2536 or DMSO or PLK1 ASO
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Table 1: List of primers and sequences of antisense oligonucleotide (F: forward, R: reverse).

Name of gene Genebank accession Sequence
5 → 3 Product size

PSMB5 (F)
PSMB5 (R) NM 002797 AGGCGTGCTTGCCAGCAGTC

GATAGGCCGGGCAACGCCTC 91

PKMYT (F)
PKMYT (R) NM 004203 GGGATGACGACAGCCTAGGGCCTTC

GTCTGGGGCTCAGGTTGGGTCT 218

CHUK (F)
CHUK (R) NM 001278 GACCGTGTGCTCAAGGAGCTGT

ACAAGGGACCGGGCAGAACTCT 209

CDK1 (F)
CDK1 (R) NM 001786 TGGCCTTGCCAGAGCTTTTGGA

TGAGTAACGAGCTGACCCCAGCA 106

MDM2 (F)
MDM2 (R) NM 002392 TTTCGCAGCCAGGAGCACCG

AGTTTCCTTCACGGGGCGCG 127

AURKA (F)
AURKA (R) NM 003600 TCGGTTCCTCCGTCCCTGAGTGTC

TCGGTCCATGATGCCTCTAGCTGT 134

PLK1 antisense (ASO) NM 005030 ACCAGTCCGGAGGGGAGGGC

Scrambled antisense (ASO) CAGGGCTGACAGCGAGGCGG

or SCR ASO for the desired time points. Following the
treatment, the percentage of cells undergoing apoptosis was
determined using Annexin-V assay kit (BD Biosciences, CA,
USA). Briefly, the cells were washed twice with cold PBS
and resuspended in 1X binding buffer; 5𝜇L of Annexin-V-
FITC and 2 𝜇L of propidium iodide (PI) were added and
allowed to incubate in room temperature in the dark for
15 minutes; 400 𝜇L of additional 1X binding buffer was
added to each sample, and then the percent of the cells
(Annexin-V+) undergoing apoptosis was assessed by flow
cytometry immediately. For the cytomorphological analyses
in treated and untreated cells, cytospin preparations were
made fromdifferentMCL cells used and stainedwithWright-
Giemsa stain in the UNMC pathology core lab, and then the
cytomorphology was examined using a light microscopy.

2.7. Primary MCL Cells from Patients. Primary MCL cells
were obtained from leukemic phase MCL patients using an
institutional review board approved protocol and informed
consent. Mononuclear cells (MNCs) were isolated from
MCL patient peripheral blood using lymphocyte separation
medium (Accurate Chemical and Scientific, Westbury, NY)
described previously [32] and maintained in RF-10 medium.
The immunophenotypes of the MNCs were determined by
flow cytometry using CD5-PE and CD20-FITC antibodies
(BD Biosciences, CA, USA). The proportion of double
positive (CD5+CD20) cells was determined using a flow
cytometer according to Becton Dickinson manufacturer’s
instructions (BD Biosciences, CA, USA). Cells having >90%
double positive for CD5 and CD20 were treated with vehicle
control (DMSO) or BI2536 for 24, 48, and 72 hours, and
then cells were subjected for the analyses of cell growth and
apoptosis usingMTT/3[H]-thymidine uptake and annexin-V
assays, respectively.

2.8. Quantitative Real-Time PCR. GRK, GRL, GRR, and
parental GP cells were cultured in RF-10 media containing
BI2536 or vehicle (DMSO) treatment. Following 24 hours of

incubation, total RNA from each group was extracted and
purified using TRI Reagent according to the manufacturer’s
instructions (Invitrogen, CA, USA). Five micrograms of
total RNA was then used for reverse transcription with
the superscript RT enzyme (Invitrogen, CA, USA). The
resulting cDNA was subjected to SYBR green real-time PCR
to investigate the differential expression of PLK1 interacting
genes including AURKA, PSMB5, MDM2, PKMYT, CHUK,
and CDK1. The primer sequences used for these genes are
summarized in Table 1. The cDNA, gene primers, and SYBR
green PCR master mix (Applied Biosystems, CA, USA) were
combined, and real-time PCR was performed using the ABI
Prism-7900HT real-time PCR detection system (Applied
Biosystems, CA, USA). The PCR reaction consisted of 36
cycles of 30 seconds at 95∘C, then 30 seconds at 60∘C,
and finally 30 seconds at 72∘C. Cycle threshold (Ct) values
were used to determine fold changes in expression and
compared among treatment groups after being normalized
with GAPDH.

3. Results

3.1. Targeting PLK1 Leads to Decreased Cell Growth and
Increased Apoptosis in Refractory MCL. Since the PLK1
is overexpressed in refractory MCL and PLK1 expression
has shown to be associated with poor clinical outcome in
other cancers, we targeted the PLK1 expression in therapy-
resistant MCL cells. For the initial experiments we used
the specific antisense oligonucleotide (ASO) to downregulate
PLK1 expression. Subsequently, we have used BI2536, a small
molecule inhibitor of PLK1 to inhibit expression of PLK1, in
therapy-resistant MCL cells.

In order to determine the effect of downregulation
of PLK1 in therapy-resistant MCL cells, proliferation and
survival were measured using MTT assay, 3[H]-thymidine
uptakemethod and annexin-V staining, respectively. Figure 1
shows the effect of downregulation of PLK1 expression
using ASO or BI2536, the inhibitors of PLK1 expression.
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Figure 1: Continued.
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Figure 1: In vitro viability, proliferation, and apoptosis following PLK1 downregulation using BI2536/ASO. Figure 1 shows the changes to the
level of viability, proliferation, and apoptosis in each of the therapy-resistant cell lines and parental GP following PLK1 downregulation with
48 and 72 hours treatment with either ASO ((a)–(c)) or BI2536 ((d)–(f)). In case of PLK1 ASO treatment, untreated/scrambled (SCR) ASO
while in BI2536 treatment, vehicle- (DMSO-) treated cells were used as control groups for comparison in these experiments. (g) Represents
the efficacy of BI2536 over ASO treatment in decreasing cell viability and increasing apoptosis in therapy-resistant and parental MCL cells.
(h) MTT assay showing the restoration of the viability in therapy-resistant and parental MCL cells after PLK1 reintroduction by PLK1 ASO
withdrawal (ASO-WD) for 48 and 96 hours following PLK1 silencing for 48 hours. SCR ASO (Con) was used as a control in this experiment.
In these experiments, the values represent the means ± SE from triplicate wells of the 96-well plates. Similar results were obtained from two
sets of independent experiments. ∗𝑃 indicates the statistical difference between control MCL cells and PLK1 downregulated MCL cells.

Figures 1(a)–1(c) show MCL cell viability, proliferation, and
apoptosis when PLK1 has been knocked down with ASO.The
viability and proliferation of each of the therapy-resistant cells
were significantly decreased (Figures 1(a) and 1(b)) following
PLK1 downregulation using ASO. Such a decrease in cell
viability and proliferation was not observed in MCL cells
treated with SCR ASO or untreated control cells (Figures 1(a)
and 1(b)). Correspondingly, the apoptosis levels were signif-
icantly increased in each of the therapy-resistant MCL cells
following targeting PLK1 compared to SCRASO or untreated
control cells (Figure 1(c)). Similarly, therapy-resistant MCL
cells treated with BI2536, the inhibitor of PLK1 expression,
also showed a very significant decrease in the viability and
decrease in proliferation of these cells compared to cells
treated with vehicle- (DMSO-) treated control cells (Figures
1(d) and 1(e)). Furthermore, there was a very significant
increase in the percentage ofMCL cells undergoing apoptosis
following downregulation of PLK1 as determined by annexin-
V staining compared to control cells (Figure 1(f)). All four
cell lines behaved very similarly in each of these experiments
suggesting that PLK1 is able to function in both refractory and
parental MCL cells. We then compared the efficacy of PLK1
ASO versus BI2536, the PLK1 inhibitor. The efficacy of the
BI2536 was significantly (𝑃 < 0.05) superior compared to
PLK1ASO. Figure 1(g) shows the efficacy of BI2536 over PLK1
ASO, clearly demonstrating the better targeting of PLK1.

We also investigated whether PLK1 reintroduction
restores the chemoresistant properties in the PLK1 ASO-
silenced therapy-resistant and parental GP MCL cells.
For this purpose, we performed PLK1 ASO withdrawal
experiment after PLK1 silencing in therapy-resistant and
parental GP MCL cell lines that can restore the expression

of PLK1. Our results clearly showed that following 96 hours
PLK1 ASO withdrawal/depletion, the viability of these
MCL cell lines was significantly increased compared to the
PLK1-silenced cells, as determined by MTT growth assay
(Figure 1(h)). In addition, results also showed that the level
of viability was very close to the control (SCR ASO) cells
after 96 hours PLK1 ASO withdrawal, suggesting that PLK1
reintroduction after silencing restores the growth of MCL
cell lines.

In addition to annexin-V staining to measure the apop-
totic cell population, we also examined the MCL cells
following downregulation of PLK1 with BI2536 using light
microscopy of Giemsa stained MCL cells. As shown in
Figure 2, there was a significant increase in apoptotic bodies
and fragmented cells in MCL cells treated with BI2536
compared to control MCL cells.

3.2. Effects of PLK1 Downregulation in Primary MCL Cells.
Once we confirmed the cytotoxic effects of targeting PLK1 in
MCL cell lines, as a logical next step to determine the anti-
lymphoma effects of BI2536 against primary refractory MCL
cells, we treated the MCL cells purified from patient blood
with leukemic phase of MCL. Figures 3(a) and 3(b) show the
viability and proliferation of primary refractory MCL cells
following treatment with BI2536, the inhibitor of PLK1, for
24, 48, and 72 hours. There was a significant decrease in the
viability and proliferation of refractory primary MCL cells
following treatment with BI2536. Furthermore, the treatment
of these primary MCL cells with BI2536 also resulted in the
significant increase in the apoptosis of primary MCL cells as
shown in Figure 3(c).This data further validates the idea that
PLK1 knockdown is an effective target in refractory MCL.



6 Lymphoma
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Figure 2: Cytomorphology of therapy-resistant MCL cells following PLK1 downregulation. Parental and therapy-resistant MCL cells treated
with or without BI2536 inhibitor of PLK1 were evaluated for the presence of apoptotic bodies using cytomorphology. The rows from top to
bottom consist of GP, GRK, GRL, and GRR.The left column consists of control- (DMSO-) treated cells and the right column consists of cells
that have had PLK1 knocked down with BI2536. These observations were examined 48 hours after treatment at 40x magnification using a
light microscopy.

3.3. Molecular Changes Associated with PLK1 Downregula-
tion. PLK1 knockdown produces significant reductions in
viability/proliferation and significant increases in apoptosis
of clinical patient samples and therapy-resistant MCL cells
isolated from different tissue sites. We next wanted to
investigate the molecular changes caused by the inhibition
of PLK1 expression and how they relate to genes associated
with therapy-resistance. Figure 4(a) shows an interaction
network featuring PLK1 at the center that was derived using
Ingenuity Pathway Analysis (IPA) software. This interaction

network was used to identify genes which closely interact
with PLK1. Since therapy-resistance in MCL can influence
gain or loss of function of a number of genes, we wanted
to explore how some of the potent genes behave with PLK1
downregulation to understand the changes that may occur in
therapy-resistant MCL following treatment with BI2536. In
this regard, initially, nonquantitative RT-PCR was performed
to confirm downregulation of PLK1 following treatment with
BI2536 in therapy-resistant and parental MCL cells. RT-
PCR result showed a very low or undetectable expression
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Figure 3: Viability, proliferation, and apoptosis of primary refractory MCL cells following PLK1 downregulation with BI2536. Viability (a)
and proliferation (b) were measured at 24, 48, and 72 hours after treatment usingMTT and 3[H]-thymidine uptake assays, respectively, while
apoptosis (c) was measured at 48 and 72 hours using annexin-V staining. The values represent the means ± SE from triplicate wells of the 96
well plates. These results are representative from two different MCL patient samples. ∗𝑃 indicates the statistical difference between control
primary MCL cells and PLK1 downregulated primary MCL cells.

of PLK1 in BI2536-treated MCL cell lines compared to
control. Figure 4(b) shows a downregulation of PLK1 in
GRL MCL cells following treatment with BI2536 for 24
hours. Similar downregulation of PLK1 was observed in
each therapy-resistant and parental GP MCL cell. Further,
real-time PCR was performed following BI2536 treatment
of therapy-resistant and parental MCL cells for the genes
AURKA,MDM2, CDK1, PSMB5, PKMYT, andCHUKwhich
are summarized in Figure 4(c). The downregulation of PLK1
using BI2536 altered the expression of AURKA, MDM2,
PSMB5, CHUK, PKMYT, and CDK1. AURKA is a kinase
like PLK1 and is necessary for normal cell division; MDM2
is a negative p53 regulator; PSMB5 is a proteasomal subunit
which binds with PLK1; CHUK is an inhibitor NF-kB;
PKMYT is a cell cycle inhibitor which is inhibited by PLK1;
CDK1 is a positive regulator of cell cycle progression [14,
19, 21, 25]. Following knockdown of PLK1, qRT-PCR results
showed the significantly decreased expression of most of the
genes mentioned above except PSMB5 and PKMYT in both
therapy-resistant and parental GP MCL cells. However, the
level of expression of the genes varied among these cells.
The underexpressed genes such as AURKA, MDM2, CHUK,

and CDK1, which are known to be positive regulators of
PLK1, were well correlated with downregulated PLK1. On the
contrary, PKMYT, which is known to be a negative regulator
of PLK1, was overexpressed and inversely correlated with
downregulated PLK1 in therapy-resistant MCL cells. GRL
therapy-resistant MCL was the only cell line to underexpress
PSMB5. The results of this experiment show that although
there is some variability in the response, AURKA, MDM2,
CHUK, and CDK1 expression goes down, while PKMYT
goes up, suggesting their involvement in PLK1-mediated
regulation of proliferation and survival of MCL.

4. Discussion

In this paper, we have demonstrated that targeting mitotic
kinases is a viable strategy to treat therapy-resistant MCL
cells. Specifically, we have targeted the well-studied and over-
expressed member PLK1 of the mitotic kinases in refractory
MCL cells. We used both PLK1-specific antisense oligonu-
cleotides and small molecule inhibitor BI2536 of PLK1 to
downregulate PLK1 expression.
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Figure 4: Analyses of PLK1 interactive proteins and their expression levels following PLK1 downregulation. (a) IPA analyses demonstrate
a protein-protein interaction network featuring PLK1 at the center. This network shows some of the direct interactions that take place with
PLK1 and which proteins act as intermediates between PLK1 and the drugs used to generate the therapy-resistant cell lines. (b) Represents a
nonquantitative RT-PCR result for the expression of PLK1 inGRLMCL cells following 24 hours of treatment with BI2536. (c)Quantitative RT-
PCR results showing expression of selected PLK1-associated genes from IPA analyses in therapy-resistant and parental MCL cells following
downregulation with BI2536. Expression of each gene was analyzed from Ct value obtained from real-time PCR. Fold change of genes
expression was calculated with respect to vehicle- (DMSO-) treated control cells and normalized to GAPDH.

Similar to other malignancies, targeting PLK1 resulted
in a significant decrease in the proliferation and survival of
refractoryMCL cells in vitro [14, 27–31]. In this study, we have
evaluated the effects of both PLK1 ASO and small molecule
inhibitor for downregulating the expression of PLK1 in MCL

cells. Our finding not only showed decrease in prolifer-
ation/survival of MCL cells following PLK1 silencing but
also clearly indicated that reintroduction of PLK1 expression
restores chemoresistance properties in these cells, suggesting
PLK1 involvement in refractory MCL (Figure 1(h)). These
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studies indicated that while ASO inhibited the expression
of PLK1 in MCL cells, the extent inhibition and subse-
quent increase in apoptotic death of MCL cells was signifi-
cantly higher with the BI2536 inhibitor of PLK1 expression.
Although the antitumor activity of BI2536 has been reported
[27–31], this paper is the first one to demonstrate its antitu-
mor activity against refractory MCL.

Since our ultimate goal is to take the PLK1 inhibitors to
clinical setting in treating MCL patients, we also investigated
the effect of PLK1 against primary MCL cells isolated from
patients with refractory MCL. These studies demonstrated
that BI2536 effectively inhibited the survival and proliferation
of primary MCL cells and increased the apoptotic death of
these cells.

In addition to demonstrating the antilymphoma activity
of BI2536 against refractory MCL, to determine the molec-
ular consequence of downregulating PLK1, we also exam-
ined the expression of several genes that interact/associate
with PLK1 using quantitative PCR method. Interestingly,
PLK1 downregulation resulted in downregulation ofAURKA,
MDM2, CHUK, and CDK1 which are known to be positive
regulators of PLK1 whereas PKMYT, which is a negative
regulator of PLK1, was upregulated in PLK1 downregulated
therapy-resistant MCL cells suggesting their association with
PLK1 downregulation. These results indicate that the robust
antitumor effects we have observed might be due to the
alteration in the expression of other key molecules that
regulate cell division and survival.

In summary, this paper demonstrates that BI2536 is a
viable agent to treat refractory MCL. Our results with PLK1
inhibitor against therapy-resistant MCL cells and primary
MCL cells, as well as other reports showing its antitumor
activity against other cancer, lay the foundation for taking this
inhibitor to phase I clinical trial.
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