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Abstract

Mantle cell lymphoma (MCL) is characterized by a clinically aggressive course with frequent 

relapse and poor survival. The p53 pathway is frequently dysregulated and p53 status predicts 

clinical outcome. In this report, we investigated whether modulation of p73 isoforms by diclofenac 

inhibits cell growth, induces apoptosis and/or cell cycle arrest in MCL relative to p53 status. Wild-

type p53 [Granta-519 and JVM-2], mutant p53 [Jeko-1 and Mino-1] expressing cells, therapy 

resistant cell lines, and primary human cells isolated from MCL patients were used. 

Overexpression of pro-apoptotic TAp73 enhanced MCL cell apoptosis. Diclofenac induced a 

concentration- and duration-dependent increase in TAp73, cell cycle arrest, cell death, and 

inhibited MCL cell growth independent of p53 status. Diclofenac treatment was associated with 

increased activity of caspases 3, 7, and 8 and induction of p53 transcriptional target genes. These 

studies demonstrate the potential for diclofenac as novel therapeutic agent in MCL independent of 

p53 status.
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Introduction

Non-Hodgkin lymphoma (NHL) is a heterogeneous group of lymphoid neoplasms with 

distinct morphologic, immunologic, cytogenetic, and molecular features that are associated 

with a specific pathogenesis for each subtype.[1] Mantle cell lymphoma (MCL), a well-

defined subtype of B-cell NHL, is characterized by a clinically aggressive course, a 

continuous pattern of relapse, and poor survival.[2] Intensive combination chemotherapy 

with stem cell transplantation has improved disease-free survival in MCL; however, the 

choice of a treatment for MCL patients remains complex and challenging due to the fact that 

the median age of MCL patients is about 60 years and these patients are not amenable to 

aggressive therapeutic approaches.[3,4] Therefore, novel and less toxic therapeutic agents 

targeting biological pathways relevant to MCL pathogenesis are warranted.

Molecularly, MCL is characterized by the hallmark t(11;14)(q13;q23) chromosomal 

translocation that juxtaposes the proto-oncogene CCND1, encoding the cell cycle regulatory 

protein cyclin D1, to the immunoglobulin heavy chain gene. Consequently, cyclin D1 which 

is not expressed in normal B cells is constitutively expressed in MCL cells, resulting in a 

deregulated cell cycle at the G1-S phase transition. This genetic alteration is considered the 

primary event in the pathogenesis of MCL, facilitating cell cycle progression of the cells as 

they accumulate secondary chromosomal alterations leading to genomic instability and 

progression of the disease.[5] This molecular cascade of events mandates a harmonizing 

deregulation of the p53 family signaling pathway; allowing the cells to further advance in 

the cell cycle and evade apoptosis despite having DNA damage. The aforementioned 

assumption is supported by reports showing that genes regulating the p53 pathway are 

frequently targeted by secondary genetic alterations in MCL patients, especially those with 

an aggressive cellular behavior and poor prognosis.[5,6] Interestingly, despite frequent p53 

pathway alterations in MCL, mutations of the p53 gene are uncommon and occur mainly in 

clinically aggressive cases.[5,7] However, secondary chromosomal alterations of the 1p36 

locus (the home for TP73; another functionally overlapping member of the p53 family) are 

frequent in MCL.[8,9] There is a high degree of homology between TP73 and TP53, which 

enables p73 to transactivate p53 target genes.[10–12] The TP73 gene locus encodes two 

types of isoforms due to alternate promoter usage and differential mRNA splicing. TAp73 

isoforms (containing the transactivation domain) are tumor suppressive, whereas ΔNp73 

isoforms (truncated and lacking the transactivation domain) are oncogenic by antagonizing 

both TAp73 and p53.[10–12] The balance between TAp73 and ΔNp73 isoforms and their 

harmony with other members of the TP53 family determines the net cellular responses.[10–

12] The unique molecular pathogenesis of MCL with consistent alterations of the p53 family 

pathway, highlights the potential of targeting the p53 pathway as a therapeutic strategy in 

MCL.

Non-steroidal anti-inflammatory drugs (NSAIDs) are a structurally diverse group of drugs 

that are widely used for the treatment of pain and inflammation. More recently, in many 

cancer types, an anti-cancer effect has been shown for NSAIDs.[13] In contrast to the anti-

inflammatory and analgesic effects that are COX-2-dependent, the anti-cancer effects are 

more complex, less well understood, and involve both COX-2-dependent and COX-2-

independent mechanisms.[14] Studies in neuroblastoma have shown the ability of NSAIDs, 
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particularly diclofenac and celecoxib, to increase activity of the p53 pathway. In two 

successive studies, the authors demonstrated the ability of diclofenac and celecoxib to 

inhibit growth and induce apoptosis in neuroblastoma cells, both in vitro and in vivo, 

through increased activity of wild-type p53,[15] and through increased activity of its 

structurally- and functionally-overlapping family member p73 in cell lines with mutant p53.

[16] In the present study, we investigated whether genetic or pharmacological modulation of 

p73 isoforms modulates MCL cell survival, resistance to therapy, and p53 pathway activity. 

Our data demonstrates that TAp73 overexpression and modulation of p73 isoforms using 

Diclofenac (at nontoxic doses to normal cells) treatment on a panel of MCL cell lines, 

harboring wild-type or mutant p53, results in concentration- and duration-dependent growth 

inhibition, decreased cell cycle progression, and increased apoptosis. Diclofenac treatment 

was also associated with increased p53 pathway activity, independent of p53 status, and 

increased activity of its family member p73.

Materials and methods

Cell lines, culture conditions, plasmids, siRNA, and reagents

Four MCL cell lines including Granta-519 (ACC 342),[17] JVM-2 (ACC 18),[18] Jeko-1 

(ACC 553),[19] and Mino-1 (ACC 687) [20] were obtained from DSMZ (Braunschweig, 

Germany). In addition, we used well characterized therapy-resistant Granta-519 cells that 

were established from metastasis to kidney (GRK), lung (GRR), or liver (GRL), and 

resistant to standard NHL therapy in a xenograft mouse model.[21,22] All the cell lines were 

authenticated at DSMZ (basic STR profiling) and UNMC (karyotypic analysis). Primary 

MCL cells were isolated from MCL patients in the leukemic phase. UNMC Institutional 

Review Board approval of the protocol and informed consents were obtained. Diclofenac 

was purchased from MP Biomedicals (Solon, OH). TAp73 over-expression was achieved 

using HA-p73α-pcDNA3 and pcDNA3 control vectors obtained from Addgene (Cambridge, 

MA). Three Trilencer-27 siRNA Duplexes for TP73 knockdown and negative control duplex 

were purchased from Origene (Rockville, MD). Lipofectamine LTX and plus reagent or 

Lipofectamine RNAiMAX reagent (Invitrogen, Carlsbad, CA) were used for transfection 

with over-expression vectors or siRNA.

In vitro cell proliferation and cytotoxicity

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was used to 

determine the cytotoxicity and growth kinetics of the MCL cells. Briefly, 10 000 cells were 

incubated in a round-bottom 96-well plate in either media alone or media with diclofenac at 

different concentrations for various durations. Following treatment, cells were incubated 

with MTT reagent (MP Biomedicals) for 2 h. Cells were lysed with DMSO and optical 

density was measured using a microplate reader (BIO-TEK ELx-800) at 570 nm. For 

quantification of proliferation, BrdU incorporation was measured using Cell Proliferation 

ELISA, BrdU chemiluminescent immunoassay kit (Roche Applied Science, Indianapolis, 

IN). Ten thousand cells were incubated in a black 96-well plate with clear flat-bottom in 

either media alone or media with diclofenac at different concentrations for 48 h and then 

assessed following the manufacturer protocol. The luminescence of each sample was 

measured using a luminometer (SpectraMax GEMINI EM, CA).
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Cell cycle analysis

Cells were fixed in cold 70% ethanol for 30 min, then washed twice with cold phosphate 

buffer solution (PBS) followed by addition of 1 U of DNase-free RNase to the cell 

suspension (106 cells/1 mL of PBS) for 30 min at 37 °C. Finally, 100 μL of propidium 

iodide (Roche Applied Science, Penzberg, Germany) was added and incubated for 30 min 

and analyzed by flow cytometer.

Cell death and apoptosis studies

Annexin-V-Fluos staining kit (Roche Applied Science) was used for detection and 

quantification of apoptosis. 1 × 106 cells were washed in PBS and then resuspended in 100 

μM of Annexin-V-Fluos labeling solution and analyzed by flow cytometer and fluorescent 

microscopy. For morphologic evidence of cell death, cytospin preparations were labeled 

with Hema-3 (Fisher Scientific, Waltham, MA).

Caspase activity assay

For precise quantitative evaluation of the activity of both initiator (caspase-8) and effector 

(caspase-3/7) caspases, the caspase-Glo assay (Promega) was used according to the 

manufacturer’s instruction. The assay includes either luminogenic caspase-3/7 or caspase-8 

substrates, which contain the tetrapeptide sequence DEVD for caspase 3/7 or LETD for 

caspase-8. If the cells have caspase 3/7 or 8 activity, caspase cleavage of the substrate and 

generation of a luminescent signal produced by thermostable luciferase (Ultra-Glo 

Recombinant Luciferase) will occur. Luminescence is proportional to the amount of caspase 

activity present and is used to quantitate the respective caspase activity in the test samples 1 

× 104 control or diclofenac-treated cells were incubated in 25 μL of media in a white-walled 

384 well plate. Then, 25 μL of Caspase-Glo 3/7 or 8 reagent (containing Caspase-Glo 3/7 or 

8 buffer, luciferase, substrate, and MG-132 Inhibitor) was added to each well. Following 

incubation for 30 min at room temperature, the luminescence of each sample was measured 

using a luminometer (SpectraMax GEMINI EM). Sixty micro molar of the proteasome 

inhibitor MG-132, was added to avoid caspase-independent cleavage of the peptide substrate 

by the postglutamyl peptide hydrolytic activity (or caspase-like activity) of the proteasome.

Quantitative real-time PCR

Total RNA was isolated from samples using TRIzol reagent (Invitrogen, Carlsbad, CA) and 

quantified spectrophotometrically using the Ultrospec 2100 pro (Amersham Bioscience, 

Pittsburgh, PA). For real-time qRT-PCR analysis, first strand cDNA was generated using 

oligo (dT)18 (Fermentas, Glen Burnie, MD) and Superscript II RT (Invitrogen, Grand Island, 

NY). Two microliters of the resulting cDNA was used in real-time PCR reactions using the 

following primer sets: TAp73 Forward 5′-GCA CCA CGT TTGA GCA CCT CT-3′; 

Reverse 5′-GCA GAT TGA ACT GGG CCA TGA-3′; ΔNp73 Forward 5′-CAA ACG GCC 

CGC ATG TTC CC-3′; Reverse 5′-TGA ACT GGG CCG TGG CGAG-3′; β-Actin 

Forward 5′-TGA AGT GTG ACG TGG ACA TC-3′; and Reverse 5′-ACT CGT CAT ACT 

CCT GCT TG-3′. The primer set for TAp73 was designed to amplify all the isoforms 

containing the transactivation domain. For ΔNp73 the forward primer was designed to detect 

a sequence unique to the ΔNp73 transcript 5′ untranslated region of exon 3. The primers 
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sets for p53 proapoptotic targets were: p21 forward primer: 5′-ATG AAA TTC ACC CCC 

TTT CC-3′ and reverse primer: 5′-AGG TGA GGG GAC TCC AAA GT-3′; BIM forward 

primer: 5′-TGG CAA AGC AAC CTT CTG ATG-3′ and reverse primer: 5′-CAG GCT 

GCA ATT GTC TAC CT-3′; PUMA, forward: 5′-GGA GGG TCC TGT ACA ATC TC-3′ 
and reverse: 5′-GCT ACA TGG TGC AGA GAA AG-3′; NOXA, forward: 5′-GCT GGA 

AGT CGA GTG TGC TA-3′ and reverse: 5′-CCT GAG CAG AAG AGT TTG GA-3′; and 

CD95 forward primer: 5′-AAT GGG GAT GAA CCA GAC-3′ and Reverse: 5′-ATC TTC 

CCC TCC ATC ATC-3′. Quantitative real-time PCR reactions were carried out using 

FastStart Sybr Green Master Mix (Roche, Indianapolis, IN) and a MyIQ iCycler (Bio-Rad, 

Hercules, CA). The ct value was normalized using β-actin for relative gene expression 

analysis. For calculation of the relative expression, ΔΔct was used.

Immunocytochemistry

Immunocytochemical (ICC) analysis was performed on cytospin preparations of diclofenac-

treated or control MCL cells. The following antibodies were diluted in antibody diluent 

(Pharmingen, San Diego, CA) in the following ratios: anti-Ki67 (H-300, Santa Cruz) (1:70) 

and anti-cleaved caspase-3 (ASP175 5A1E, Cell Signaling Technology, Danvers, MA) 

(1:200). Biotinylated secondary antibody either anti-mouse (BA-2000, Vector Laboratories, 

Burlingame, CA) or anti-rabbit (BA-1000 Vector Laboratories, CA) 1:500 in PBS were 

used.

Statistical analysis

All values in the figures are expressed as mean ± standard error of mean (SEM) from 

minimum three experiments with similar results. We used the Student t-test (two-tailed) for 

comparisons between treated and untreated cells. One way ANOVA test was used for 

comparisons between multiple groups followed by Tukey’s and Bonferoni tests for pair-wise 

comparison. SPSS software was utilized for performing statistical analysis (SPSS Inc., 

Chicago, IL).

Results

TAp73 modulation alters the behavior of MCL cells

In order to determine whether p73 modulation can alter the behavior of MCL cells, 

Granta-519 cells were transfected with a TAp73 mammalian over-expression vector. TAp73-

transfected Granta-519 cells showed lower basal growth and increased sensitivity to serum 

deprivation and the chemotherapeutic agent doxorubicin (Figure 1A). To elucidate whether 

p73 contributes to the diclofenac response, Jeko-1 cells (harboring mutant p53) were 

transfected with p73 siRNA. P73 siRNA-transfected cells showed a reduced response to 

diclofenac compared to control-vector transfected cells (Figure 1B).

Diclofenac treatment enhances TAp73, decreases ΔNp73, and increases p53 family pro-
apoptotic target expression

Real-time qRT-PCR was performed to compare mRNA expression of p73 transcripts (TAp73 

and ΔNp73), DEC1, and three p53 family direct-transcriptional, pro-apoptotic targets 

(PUMA, NOXA, and BIM) between diclofenac-treated (100 μM for 24, 48, or 72 h) and 
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control MCL cells. Diclofenac-treated MCL cells showed a duration-dependent increase of 

TAp73, the functionally active p73 isoforms and reduction of the transactivation-deficient 

functionally opposing ΔNp73 isoforms as compared to control untreated cells (Figure 2A).

Next we analyzed DEC-1 (Differentiated embryo-chondrocyte expressed gene 1) expression, 

which has been shown to regulate the p53-mediated cellular response.[23] DEC-1 

expression was increased in diclofenac-treated cells compared to control cells (Figure 2A).

Next we examined whether modulation of p73 isoforms by diclofenac regulates p53 

transcriptional targets in MCL cells with mutant p53 and wild type p73. NOXA expression 

was increased in a duration-dependent fashion following diclofenac treatment of the four 

MCL cell lines. PUMA was consistently increased over time in Granta-519, JVM-2, and 

Jeko-1 cells, but this trend was not evident in Mino-1 cells (Figure 2B). BIM showed a 

duration-dependent increase with treatment only in Granta-519 and JVM-2 cells, with no 

expression in either treated or control Jeko-1 and Mino-1 cells (data not shown). CD95 

(Fas), is a pro-apoptotic and pro-necroptotic [20,21] transcriptional target of the p53 family.

[22,24] A duration-dependent increase in the expression of CD95 was observed in all four 

diclofenac-treated (100 μM for 24, 48, or 72 h) cell lines over control (Figure 2B).

Diclofenac-induced cell death involves caspase activation

To delineate whether caspases are involved in diclofenac-induced cell death, we evaluated 

caspase 3, 7, and 8 activities using the Caspase Glo assay. Diclofenac treatment of MCL 

cells (100 μM for 24 h) resulted in significantly-increased activity of the effector caspases 

3/7 in the four MCL cells used (Figure 2C). To investigate whether effector caspase 3 gets 

cleaved and activated, ICC staining for cleaved caspase 3 was performed. Diclofenac-treated 

MCL cells (100 μM for 24 or 48 h) showed increased cleaved caspase 3 immunostaining in 

all cell lines (Figure 2D) indicating activation of the caspase cascade in response to 

diclofenac treatment. To confirm upstream caspase activation, the activity of the initiator 

caspase 8 was evaluated by the Caspase Glo assay. Interestingly, diclofenac-treated MCL 

cells (100 μM for 24 h) exhibited increased activity of caspase 8 in all four cell lines (Figure 

2C).

Diclofenac inhibits the growth of MCL cells irrespective of p53 status

To explore the response of MCL to diclofenac, cells with wild-type p53 [Granta-519 and 

JVM-2] and cells with mutant p53 [Jeko-1 and Mino-1] were used. Treatment of these cell 

lines with increasing doses of diclofenac (25, 50, 100, 150, 200, 250 μM) for 24 h resulted in 

concentration-dependent growth inhibition of MCL cells with wild-type p53 (Granta-519 

and JVM-2) (Figure 3A), and those with mutant p53 (Jeko-1 and Mino-1) (Figure 3A) as 

measured with MTT assay. We evaluated the effect of the duration of diclofenac treatment 

on the cellular response at multiple time points: 24, 48, or 72 h. A duration-dependent 

response with reduction of the EC50 was observed (Figure 3B and C). To delineate whether 

the growth inhibitory effect was reversible, diclofenac treatment was removed at multiple 

time points (24, 48, or 72 h). A gradual duration-dependent recovery of the cells was 

observed following removal of diclofenac from the media (data not shown).
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Diclofenac induces cell cycle arrest and inhibits proliferation in MCL cells

To study cell cycle progression, cell cycle analysis using propidium iodide was performed. 

Cell cycle analysis showed a marked increase in the G2/M sub-fraction of diclofenac-treated 

cells (100 μM for 48 h) as compared to control cells, indicating G2-M cell cycle arrest 

(Figure 4A). Furthermore, an increase in the sub-G1 fraction was also observed in 

diclofenac-treated cells indicating induction of apoptosis (Figure 4A). To test whether the 

cell cycle arrest was related to p53 pathway activation, the cell cycle regulator and pro-

apoptotic molecule p21 (a well-established p53 family transcriptional target) was evaluated. 

An increase in p21 mRNA expression was observed in diclofenac-treated cells irrespective 

of p53 status (Figure 4B).

For quantitation of cell proliferation, the chemiluminescence BrdU immunoassay was 

performed. Concentration-dependent reduction in cell proliferation was observed in 

diclofenac-treated MCL cells compared to control cells (p <0.001) (Figure 4C). To assess 

the effect of diclofenac treatment on proliferation, we immunostained cytospin preparations 

of diclofenac-treated and control cells for the proliferation marker Ki-67. A reduction in the 

frequency of Ki-67-positive cells was observed in diclofenac-treated MCL cells (50 μM for 

48 h) (Figure 4D).

Diclofenac induces cell death in MCL cells

Cytospin preparations of diclofenac-treated MCL cells labeled with Hema-3 stain 

demonstrated morphologic evidence of cell death (Figure 5A). Unexpectedly, there was 

morphologic evidence of both apoptotic death, as indicated by nuclear condensation and 

fragmentation, as well as necroptotic (programed cell necrosis) cell death: as indicated by 

cellular swelling (Figure 5A). The Annexin V assay was performed to detect and quantify 

apoptosis and/or necrosis in diclofenac-treated (100 μM for 24 or 48 h) and control MCL 

cells. Diclofenac treatment resulted in a duration-dependent increase in the total fraction of 

cells showing evidence of cell death (positive for annexin and/or propidium iodide) reaching 

70–80% with higher doses (100 μM for 24 or 48 h) (Figure 5B). There was an increase in 

both the apoptotic fraction (annexin positive and propidium iodide negative) and necrotic 

fraction (propidium iodide positive and annexin positive/negative) of MCL cells, confirming 

the morphologic evidence (Figure 5C).

Diclofenac treatment inhibits therapy-resistant MCL cell line model and MCL primary cells

Therapy resistance is a major clinical problem for MCL patients. Therefore, we used 

therapy-resistant MCL cell line models (GRK, GRL, and GRR). Diclofenac treatment 

induced dose-dependent (25, 50, 100, 150, 200, 250 μM) and duration-dependent (24, 48, 72 

h) growth inhibition of all three therapy-resistant cell lines (Figure 6A and B). 

Morphologically, Hema-3 staining showed evidence of cell death in diclofenac-treated 

therapy-resistant cells compared to control cells (Figure 6C). To validate the clinical 

relevance of our findings in MCL cell lines, the activity of diclofenac was also tested in 

primary human cells isolated from MCL patients. Diclofenac treatment also induced 

concentration- and duration-dependent inhibition of these cells, as indicated by the MTT 

assay (Figure 6D and E) associated with morphologic evidence of cell death (Figure 6F).
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Discussion

Treatment of MCL is challenging considering the constant relapse pattern, toxicity of the 

therapy, and the fact that more than half of the patients are above 60 years, a ‘watch and 

wait’ strategy is considered for those patients as well as asymptomatic relapsed patients.[24] 

Therefore, there is a clinical need for novel less toxic drugs that are biologically relevant for 

MCL. Clinical studies in MCL patients showed various alterations of the p53 upstream 

regulators consistently in MCL.[5,7,25] Furthermore, p53 mutations have been shown to be 

associated with aggressive histology, poor prognosis, and predicting clinical outcome.

[6,26,27] Therefore, p53 pathway targeting is a promising therapeutic strategy for MCL. In 

this report, we demonstrate the potential for diclofenac as a novel therapeutic agent in MCL 

independent of p53 status through modulation of p73 expression.

The TP73 gene is a member of the TP53 family. As a result of its structural homology with 

p53, p73 can activate p53 target genes.[23,28] In this report, we observed that 

overexpression of TAp73 (the full length, transcriptionally-competent pro-apoptotic 

isoforms of p73) in Granta-519 cells reduced their survival and increased susceptibility to 

Doxorubicin. Next we analyzed whether Diclofenac modulates expression of the p73 

isoforms TAp73 and ΔNp73. All the cell lines used in the study showed increased TAp73 

and decreased ΔNp73 in diclofenac-treated cells. The ability of diclofenac to increase 

TAp73 is in agreement with an earlier report in neuroblastoma.[16] However, for the first 

time, we also observed reduction in the expression of ΔNp73. To verify the consequences of 

diclofenac treatment on the p53 pathway, we examined a panel of direct transcriptional 

targets of p53 that are imperative for cell death, including both the intrinsic apoptotic 

pathway (PUMA, NOXA, and BIM) and the extrinsic pathway (CD95). NOXA and CD95 
were increased in all of the cell lines, Puma was increased in all of the cell lines except 

Mino-1 and Bim was increased only in the cell lines with wild type p53. Our explanation for 

these differences in the effects of diclofenac on p53 targets between cell lines is that TAp73 

is reported to have a lower transactivation potential than p53 on target genes, and its 

transcriptional activity can differ between different targets.[29] Interestingly, mutant p53 is 

also reported to antagonize TAp73 on target genes.[25] Another modulator of p73 isoform 

expression might be DEC-1.[28] Our data demonstrate increased DEC-1 expression in 

diclofenac-treated cells compared to control cells.

Diclofenac is a NSAID that has been used as an anti-inflammatory and analgesic drug for a 

variety of conditions. Recently, diclofenac was shown to increase p53 pathway activity and 

inhibit the growth of neuroblastoma cells.[15,16] However, diclofenac has not been tested in 

MCL or any subtype of systemic NHL. The selective COX-2 inhibitor celecoxib has been 

shown to inhibit mycosis fungoides;[26] however, severe side effects have been reported 

with the use of COX-2 inhibitors and has necessitated some to be recalled.[27,30] 

Interestingly, in a screen for drug combinations that have synergistic cytotoxicity for 

melanoma cell lines, diclofenac showed the most robust results compared to 300 other drugs 

when combined with novel kinase inhibitors.[31] Furthermore, a recent study of chronic 

myeloid leukemia (CML) reported a unique synergistic effect for diclofenac on the imatinib 

response of tumor cells isolated from patients, as well as CML cell lines, and this effect was 
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not observed with some of the other NSAIDs.[32] Together, the aforementioned data 

suggests a strong potential for diclofenac in cancer therapy.

Based on the need for novel, nontoxic agents, and the importance of the p73 and p53 

pathways in MCL, we evaluated the effects of diclofenac on the behavior of MCL cells with 

wild type and mutated p53, including, cell cycle progression and apoptosis to define its 

relevance to therapy-resistant MCL. Our data demonstrates that diclofenac as a single agent 

induces concentration-dependent and duration-dependent growth inhibition of MCL cell 

lines (Granta-519, JVM-2, Jeko-1, and Mino-1), independent of p53 status, at clinically 

relevant concentrations (<0.2 mM).[33,34] Biologically, the growth inhibitory effect of 

diclofenac was associated with both cell cycle arrest at the G2/M phase and induction of 

apoptosis (intrinsic and extrinsic pathways). There was an increase in caspase activity 

(initiator caspase 8 and effector caspases 3/7), expression of p53 homolog p73, and 

expression of p53 transcriptional targets including p21, PUMA, NOXA, BIM, and CD95. 

Furthermore, diclofenac treatment inhibited the growth of therapy-resistant Granta 

subclones; GRK, GRL, and GRR which were associated with upregulation of p73. The 

growth inhibitory activity of diclofenac is in agreement with data from a recent study in 

cutaneous T-cell lymphoma [35] in which the authors reported superior cytotoxicity of 

diclofenac over other NSAIDs tested. Recent studies in neuroblastoma,[12,13] melanoma,

[33,36] and squamous cell carcinoma of the skin [37] have also shown anticancer effect of 

diclofenac.

To understand the biological correlates of the suppressive effect of diclofenac on MCL cells, 

we analyzed cell cycle progression, proliferation, and apoptosis. Interestingly, diclofenac 

treatment was associated with G2/M arrest, as well as an increase in the sub-G1 fraction 

(cells with DNA content less than 2n) indicating cells undergoing apoptosis. Our observation 

of the G2/M phase as the main point of cell cycle arrest, rather than G1/S, with diclofenac 

treatment is a novel finding. In order to assess whether the effect of diclofenac on cell cycle 

progression is related to the p53 pathway, we analyzed p21 expression, a known p53 family 

direct transcriptional target that is reported to regulate cell cycle progression both at G1/S 

and G2/M.[38] We found a duration-dependent increase in p21 expression with diclofenac 

treatment, suggesting p53 pathway involvement. The absence of an effect on the G1/S 

transition is likely related to the constitutive expression of cyclin D1 (one of the main 

regulators of G1/S transition), thus masking the impact of p53 on that phase of the cell cycle. 

An earlier report found that if cells with DNA damage are not arrested at G1, the p53/p21 

axis can arrest the cells at the G2/M phase.[39]

Our phenotypic and molecular analysis also found that diclofenac treatment of MCL cells 

induces apoptotic and necroptotic cell death. In several recent studies, a new form of 

necrosis known as programed cell necrosis (necroptosis) has been described (reviewed in 

[36]). Necroptosis occurs in a regulated manner and is mediated by specific signaling 

cascades, such as CD95 or TNF signaling, and is characterized morphologically by cellular 

swelling, early onset plasma membrane permeabilisation, and finally cellular rupture.[37,40] 

Mechanistically CD95 or TNFR can trigger either the extrinsic apoptotic pathway or 

necroptosis depending on the cellular context. In the presence of inhibitors of apoptosis such 

as cFLIP or cIAP (which inhibit caspases), necroptosis is favored and sometimes a 
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combined phenotype occurs.[37,40,41] Also, a recent study demonstrated the ability of p53 

to induce necrosis in MEF cells.[42] In our study, the finding of up-regulated CD95 
expression in a duration-dependent manner following diclofenac treatment may explain the 

mixed cell death phenotype observed.

To confirm the mechanism of apoptosis at the molecular level, caspase Glo assay was used 

to evaluate the activity of both the initiator caspase 8 as well as the effector caspases 3/7. 

The activities of caspases 8, 3, and 7 showed a profound increase in diclofenac-treated 

Granta-519, JVM-2, Jeko-1 cells, and a modest increase in Mino-1 cells (especially caspases 

3 and 7), as compared to control cells. However, immunostaining for the active form of 

caspase 3 (cleaved caspase 3) showed a marked increase in all the cell lines tested including 

Mino-1. This apparent contrast might be related to the short time of the caspase Glo assay 

(30 min incubation) as compared to the accumulation of caspase 3 over 48 h in the case of 

immunostaining for the active form, especially considering reported high levels of inhibitors 

of apoptosis and c-FLIP in MCL that can impede the activity of caspases.[43]

Given the fact that clinical relapse and therapy resistance are critical problems in MCL 

therapy, we next examined the activity of diclofenac treatment on established therapy-

resistant sub-clones derived from the Granta-519 MCL cell line (GRK, GRL, GRR).[21,22] 

Diclofenac treatment showed activity on these resistant cells comparable to its effects on the 

parent cells, indicating the potential for diclofenac to kill cells resistant to the standard 

CHOP therapy.

In summary, our data demonstrates that diclofenac has dose-dependent and duration-

dependent activity against MCL cells independent of p53 status, including experimental 

therapy-resistant models. Biologically, diclofenac treatment resulted in cell cycle arrest, 

mainly at the G2/M phase, and profound cell death (mainly apoptosis with findings 

suggesting also necroptosis). Molecularly, diclofenac treatment was associated with 

increased activity of caspases 8, 3, and 7, and increase of p53 pathway activity. The 

increased p53 pathway activity was suggested by a duration-dependent induction of the 

expression of a panel of p53 transcriptional targets including the cell cycle regulatory 

molecule p21 and the pro-apoptotic molecules, Puma, Noxa, Bim, and CD95. Importantly, 

diclofenac treatment was also associated with enhanced expression of the pro-apoptotic 

isoforms of the p73, TAp73. Given the relatively limited toxicity of diclofenac as compared 

to chemotherapeutic agents, our data suggests the potential for diclofenac as a novel 

therapeutic agent in MCL. In the present study, diclofenac demonstrated activity as a single 

agent in a spectrum of MCL cell line models, including therapy-resistant cells, which 

suggests that it could also be used as a novel therapy in MCL patients.
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Figure 1. 
p73 modulation alters the behavior of MCL cells. (A) Granta-519 cells were transfected with 

a TAp73 mammalian expression vector or control vector, and the over-expression of TAp73 

was confirmed using RT-PCR for TAp73 mRNA and immunocyto-chemistry for TAp73 

protein (200×). The MTT assay was used to compare the basal growth of the cells with 

serum deprivation (2.5 or 0% serum) or with doxorubicin (0, 0.5, 1, 1.5, 2 μM) for 48 h. (B) 

Jeko-1 cells were transfected with p73 siRNA or control siRNA and the knockdown was 

confirmed by qRT-PCR for TAp73. After 48 h post-transfection, cells were treated with the 

indicated concentrations of diclofenac and the MTT assay was used to compare the growth 

of the cells.
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Figure 2. 
Diclofenac treatment of MCL cells induces TAp73 expression, p53 target genes and caspase 

cascade activation. (A and B) Diclofenac treatment of MCL cells enhances the expression of 

the p53 pro-apoptotic targets and differentially modulates the expression of p73 isoforms. 

MCL cell lines were incubated in media alone (control) or media with the indicated 

concentrations of diclofenac for the indicated times. Then, the mRNA expression of either: 

(A) TAp73, ΔNp73, DEC-1 or (B) PUMA, NOXA, or CD95 was analyzed by qRT-PCR and 

normalized to the housekeeping gene β-actin. The figure for DEC-1 expression in Granta 

was at 48 h of diclofenac treatment. (C) MCL cell lines were incubated in media alone 

(control) or media with 100 μM of diclofenac for 48 h. Then, Caspase Glo assay was 

performed and luminescence was measured after 30 min and plotted. (D) MCL cell lines 

were incubated in media alone (control) or media with 100 μM of diclofenac for 24 or 48 h, 

Cytospin preparations of the cells were then immunostained with an antibody against 

cleaved caspase 3 (the active form of the effector caspase 3) and representative images are 

shown.
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Figure 3. 
Diclofenac inhibits the growth on MCL cells. (A) MCL cell lines were incubated in media 

alone (control) or media with increasing concentrations (25, 50, 100, 150, 200, 250 μM) of 

diclofenac for 24 h. The MTT assay was performed and the percentage growth inhibition of 

the treated cells relative to their respective control was calculated with the equation [100 − 

(treated/control) − 100]. NS = not significant, *=p<0.05, ***=p<0.001. (B) and (C) MCL 

cell lines were incubated in media alone (control) or media with increasing concentrations 

(25, 50, 100, 150, 200, 250 μM) of diclofenac for 24, 48, or 72 h. This is a representative of 

three experiments done in triplicate.
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Figure 4. 
Diclofenac treatment of MCL cells induces cell cycle arrest. (A) MCL cell lines were 

incubated in media alone (control) or media with 100 μM of diclofenac for 48 h. Cell cycle 

analysis was performed using propidium iodide followed by flow cytometric analysis. (B) 

MCL cell lines were incubated in media alone (control) or media with 100 μM of diclofenac 

for 24, 48, or 72 h, and then mRNA expression of p21 was analyzed by qRT-PCR and 

normalized to the housekeeping gene β-actin. This is a representative of three experiments 

done in triplicate. (C) Cells were incubated in either media alone or media with diclofenac at 

different concentrations for 48 h, and then BrdU incorporation was measured. (D) 

Diclofenac treatment inhibits proliferation of MCL cells. MCL cell lines were incubated in 

media alone (control) or media with 50 μM of diclofenac for 48 h. Cytospin preparations of 

the cells were then immunostained with an antibody against the proliferation marker Ki-67 

and representative images are shown. This is a representative of two experiments done in 

duplicate.
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Figure 5. 
Diclofenac treatment of MCL cells induces cell death. (A) MCL cell lines were incubated in 

media alone (control) or media with 100 μM of diclofenac for 24 or 48 h. Then, cytospin 

preparations of the cells were stained with Hema-3 stain and representative images are 

shown. The solid arrows point to apoptotic cells and the dotted arrows indicate necroptosis. 

(B) and (C) MCL cell lines were incubated in media alone (control) or media with 100 μM 

of diclofenac for 24 or 48 h. Cells were labeled with Annexin-V-Fluorescein and propidium 

iodide followed by (B) flow cytometric analysis or (C) fluorescence microscopy and 

representative images are shown (at 400×).
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Figure 6. 
Diclofenac inhibits the growth of resistant MCL cells and primary MCL cells. (A) and (D) 

The resistant MCL cell lines (GRK, GRL, GRR) or patient-derived primary MCL cells 

(MCL-P1) were incubated in media alone (control) or media with increasing doses (25, 50, 

100, 150, 200, 250 μM) of diclofenac for the indicated durations. The MTT assay was done 

and SigmaPlot 11 (Systat Software, CA) was used to plot the standard curves and calculate 

the EC50. (B) and (E) GRK, GRL, GRR, or MCL-P1 were incubated in media alone 

(control) or media with increasing doses (25, 50, 100, 150, 200, 250 μM) of diclofenac for 

24 h, and the percentage growth inhibition of the treated cells relative to their respective 

control was calculated with the equation [100 − (treated/control) × 100]. (C) and (F) MCL 

cells were incubated in media alone (control) or media with 100 μM of diclofenac for 24 or 

48 h. Cytospin preparations of the cells were then stained with Hema-3 stain and 

representative images are shown. This is representative of three experiments done in 

triplicate.
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