
ONCOLOGY REPORTS  36:  1069-1075,  2016

Abstract. Diffuse large B-cell lymphoma (DLBCL) is a 
common non-Hodgkin lymphoma. A20 and mucosa-asso-
ciated lymphoid tissue lymphoma translocation gene 1 
(MALT1) are known to be related to DLBCL pathogenesis 
and progression. This study aimed to assess the effects of 
phorbol myristate acetate/ionomycin (PMA/IONO) on the 
growth and apoptosis of the DLBCL cell line OCI-LY1, and 
their associations with A20, MALT1 and survivin levels. Cell 
viability was assessed by MTT assay. Cell cycle distribution 
and apoptosis were evaluated using flow cytometry after 
incubation with Annexin V-FITC/propidium iodide (PI) and 
RNase/PI, respectively. Gene and protein expression levels 
were determined by quantitative real-time PCR and western 
blotting, respectively. To further determine the role of A20, 
this gene was silenced in the OCI-LY1 cell line by specific 
siRNA transfection. A20 protein levels were higher in the 
OCI-LY1 cells treated with PMA/IONO compared with the 
controls, and were positively correlated with the concentration 
and treatment time of IONO, but not with changes of PMA 
and MALT1. Meanwhile, survivin expression was reduced in 
the OCI-LY1 cells after PMA/IONO treatment. In addition, 
OCI-LY1 proliferation was markedly inhibited, with a negative 
correlation between cell viability and IONO concentration. In 
concordance, apoptosis rates were higher in the OCI-LY1 cells 
after PMA + IONO treatment. Cell cycle distribution differed 
between the OCI-LY1 cells with and without PMA/IONO 
treatment only at 24 h, with increased cells in the G0/G1 
stage after PMA/IONO treatment. These findings indicate that 
PMA/IONO promotes the apoptosis and inhibits the growth 
of DLBCL cells, in association with A20 upregulation. Thus, 
A20 may be a potential therapeutic target for DLBCL.

Introduction

Diffuse large B-cell lymphoma (DLBCL) accounts for 
30-40% of adult non-Hodgkin lymphomas. According to 
its heterogeneity in clinical course, morphology, immuno-
phenotype and genetics, DLBCL is subdivided into more than 
10 subtypes (1).

Nuclear factor-κB (NF-κB) is an important signal trans-
duction pathway associated with cell proliferation, apoptosis, 
tumor treatment, and immune regulation (2-4). Abnormal 
activation of NF-κB signal transduction is considered a 
significant feature of DLBCL (5-7), and was found to be corre-
lated with many clinicopathological features, prognosis and 
response to therapy in lymphomas. Therefore, genes related 
to NF-κB activation, such as tumor necrosis factor, α-induced 
protein 3 (TNFAIP3, also known as A20), mucosa-associated 
lymphoid tissue lymphoma translocation gene 1 (MALT1), 
caspase recruitment domain-containing membrane-asso-
ciated guanylate kinase protein 1 (CARMA1), and B-cell 
leukemia/lymphoma 10 (BCL10), should be assessed in asso-
ciation with DLBCL.

MALT1 and A20 regulate NF-κB activation through 
multiple processes (8,9). A20 is located on chromosome band 
6q23.3, and encodes the A20 protein, which is a negative regu-
lator of NF-κB. It is associated with pathogenesis, progression 
and therapy of several tumors. Abnormalities of A20, such 
as mutation and methylation, have been described in many 
tumors. For instance, Bavi et al (10) found that A20 alteration 
is prevalent in colorectal carcinoma, especially A20 promoter 
methylation. This results in reduced A20 protein levels, which 
are correlated with poor outcome in colorectal carcinoma. 
Genetic abnormalities of A20 have also been found in extra-
nodal marginal zone B cell lymphoma of mucosa-associated 
lymphoid tissue (MALT), DLBCL, mantle cell lymphoma, 
and Hodgkin lymphoma (11,12). In addition, high MALT1/
A20/NF-κB levels and their relationships to pathogenesis and 
therapy of several lymphomas have been described (13-15). 
However, the role of the A20 protein in DLBCL remains unclear. 
MALT1 is an upstream regulatory factor of A20. Because of 
its proteolytic activity, MALT1 also promotes NF-κB activa-
tion by cleaving A20 (16). Once activated, NF-κB regulates its 
target genes, including survivin, a member of the inhibitor of 
apoptosis protein (IAP) family. Survivin has a double func-
tion in regulating cell growth, modulating apoptosis as well 
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as the cell cycle. Studies have assessed the effects of survivin 
on the clinicopathological course, prognosis, and treatment of 
lymphomas (17,18). Therefore, we hypothesized that survivin 
affects the growth of aggressive B-cell lymphoma cells in 
association with abnormal activation of NF-κB resulting from 
MALT1 and A20.

Phorbol myristate acetate (PMA), also known as 
12-O-tetradecanoylphorbol-13-acetate (TPA), is a potent 
tumor promoter. Ionomycin (IONO) is an ionophore secreted 
by Streptomyces conglobatus that induces calcium transport 
into the cell. PMA is often used in conjunction with ionomycin 
to stimulate immune responses (19). For instance, it was shown 
that PMA/IONO mimics T-cell antigen receptor signaling 
by activating PKC-θ, and induces recruitment of A20 into a 
complex of MALT1 and Bcl-10, leading to MALT1-mediated 
processing of A20 (20). In addition, PMA/IONO inhibits 
growth of tumor cells, inducing apoptosis (21). However, 
studies assessing the effect of PMA/IONO on DLBCL cells 
are scarce. Therefore, this study aimed to determine whether 
PMA/IONO affects the growth of DLBCL OCI-LY1 cells, 
exploring the underlying molecular mechanisms. Notably, we 
found that PMA/IONO promotes apoptosis and inhibits the 
growth of DLBCL cells, and these effects are associated with 
A20 upregulation.

Materials and methods

Cell culture and treatment. Diffuse large B-cell lymphoma 
OCI-LY1 cells were a kind gift from Dr B. Hilda (Albert 
Einstein College of Medicine, New York, NY, USA). 
They were maintained at 37˚C in 5% carbon dioxide in 
Iscove's modified Dulbecco's media (IMDM) and supple-
mented with 10% FCS, 1% penicillin and streptomycin. 
Phorbol-12-myristate-13-acetate (PMA) and ionomycin 
(IONO) (both from Sigma-Aldrich, USA) were reconstituted 
in DMSO. Cells were treated with mixtures containing 
different concentrations of PMA and IONO (PMA/IONO). 
According to a previous study (20), PMA + IONO combina-
tions were: 200 ng/ml + 0.167 µM, 200 ng/ml + 1 µM, and 
200 ng/ml + 2 µM. Various treatment times were assessed, 
including 0.5, 2, 6, 24, 48 and 72 h.

MTT assay. OCILY1 cells at logarithmic growth phase 
(1.25x105/ml), seeded in 96-well plates, were incubated at 37˚C 
in 5% carbon dioxide in the presence of various test drugs 
(PMA + IONO combinations) for 24, 48, and 72 h. Then, MTT 
solution (Genview, USA) was added to each well followed by 
4-h incubation; the resulting formazan crystals were dissolved 
by addition of DMSO. Absorbance was read at 570 nm on a 
Rayto RT-6000 microplate reader (Rayto Life and Analytical 
Sciences Co., Ltd., Shenzhen, China).

Cell cycle and apoptosis assays. OCI-LY1 cells (7x105/ml) were 
seeded in 6-well plates and incubated with 200 ng/ml PMA and 
1 µM IONO in combination for 24, 48, and 72 h, respectively. 
After collection, cells were stained with Annexin V-FITC 
and propidium iodide (PI) kit (BD Biosciences, USA) in the 
dark for 5 min. Finally, cell apoptosis was quantified by flow 
cytometry on a BD FACSAria™ III flow cytometer (BD 
Biosciences).

For cell cycle distribution, OCI-LY1 cells (7x105/ml) 
were treated as aforementioned for apoptosis assessment. 
After collection, cells were fixed in 70% ethanol for 24 h at 
4˚C, washed three times with PBS, and stained with RNase 
(1 mg/ml; Sigma) and PI solution (100 µl/ml) for 30 min before 
analysis by flow cytometry.

Quantitative real-time PCR. Total RNA was extracted from 
OCI-LY1 cells using TRIzol reagent (Beyotime, China) 
according to the manufacturer's instructions. cDNA synthesis 
from 2 µg RNA was carried out with M-MLV Reverse 
Transcription kit (Invitrogen, USA). Quantitative real-time 
PCR was performed using 500 ng of template, SYBR Green 
Master Mix (10 µl), 100 µM of each primer (forward and 
reverse) and Nuclease-Free Water to 20 µl final volume. 
Primers were designed by Premier 5.0, and are shown in 
Table I. Quantitative real-time PCR was performed on an ABI 
Real-Time PCR system 7500 Fast thermal cycler (Applied 
Biosystems, Inc., USA). Cycle conditions were: 50˚C for 
2 min, 95˚C for 10 min, 40 cycles of 95˚C for 15 sec and 60˚C 
for 1 min. Data were analyzed using the Sequence Detection 
Software version 1.6.3 supplied by Applied Biosystems (ABI); 
the comparative cycle threshold (ΔΔCt) method was adopted 
for quantitation.

Western blotting. OCI-LY1 cells (7.5x105 cells/ml) were 
treated in 6-well plates with PMA/IONO (200 ng/ml, 
200 ng/ml + 0.167 µM, and 200 ng/ml + 2 µM) for 2 h, or 
PMA/IONO (200 ng/ml + 1 µM) for 30 min, 2 h and 6 h, 
respectively. Treated cells were collected and lysed with 
RIPA buffer on ice for 15 min for total protein extraction. 
Protein concentration was determined by the colorimetric 
BCA assay. Twenty micrograms of total protein from each 
sample was resolved by 10% SDS-PAGE and transferred onto 
PVDF membranes. After blocking with 5% skimmed-milk in 
T-TBS, mouse anti-MALT1 polyclonal antibody (1:500), rabbit 
anti-survivin monoclonal antibody (1:500) (both from Santa 
Cruz Biotechnology, USA), mouse anti-TNFAIP3 monoclonal 

Table II. siRNA sequences for A20.

Gene name Sequence

siRNA-1 5'-CCCUCAUCGACAGAACAUTT-3'
siRNA-2 5'-AUGUUUCUGUCGAUGAGGGTT-3'

Table I. Primer sequences used in RT-qPCR.

Gene name Sequence

Survivin F: 5'-GCCAGATTTGAATCGCGGGA-3'
 R: 5'-GCAGTGGATGAAGCCAGCCT-3

β-actin F: 5'-TGGCACCCAGCACAATGAA-3'
 R: 5'-CTAAGTCATAGTCCGCCTAGAAGCA-3'

F, forward; R, reverse.
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antibody (1:250; Abcam) and mouse anti-β-actin monoclonal 
antibody (1:1,000; Santa Cruz Biotechnology) were added 
overnight at 4˚C. Then, horseradish peroxidase-conjugated 
anti-rabbit or anti-mouse IgG (1:3,000; Beijing Dingguo 
Changsheng Biotechnology Co., Ltd., Beijing, China) was 
added for 1 h at room temperature. Western blotting detec-
tion was carried out by enhanced chemiluminescence (ECL). 
Quantitative analysis was performed with analysis software 
Image-Pro Plus (Media Cybernetics).

siRNA transfection. siRNAs for A20 were designed and 
synthesized by Shanghai GenePharma Co., Ltd. (China). A 
total of 3 specific siRNAs were transfected into OCI-LY1 
cells using Lipofectamine RNAiMAX (Invitrogen) according 
to the manufacturer's instructions at a final concentration of 
20 nM. Efficacy of knockdown was evaluated by RT-qPCR 
and western blot analysis. The most effective siRNA was used 
in subsequent experiments. The sequences of the siRNAs are 
shown in Table II.

Statistical analysis. Data were analyzed with SPSS 19.0 (SPSS, 
USA). All experiments were repeated three times. Values are 
reported as the mean ± standard deviation (SD). Tests for 
homogeneity of variance were carried out before analysis 
of variance. One-way or univariate analysis of variance was 
used according to data characteristics. Based on normality 
test results, correlation analysis was performed either by the 
Pearson's or Spearman's method. P<0.05 was considered to 
indicate a statistically significant result.

Results

PMA/IONO decreases OCI-LY1 cell proliferation. OCI-LY1 
cell proliferation was analyzed by MTT assay. As shown in 
Fig. 1A, OCI-LY1 cell proliferation was inhibited by PMA, but 
not in a concentration-dependent manner. Notably, treatment 
with PMA/IONO resulted in markedly inhibited proliferation 

of the OCI-LY1 cells. For the initial 24 h, OCI-LY1 cell prolif-
eration was similar after PMA monotherapy and treatment 
with the PMA/IONO combinations (P<0.05). However, at 
later time-points (48 and 72 h), cell viability showed statistical 
differences between the PMA/IONO and PMA groups (all 
P<0.05, Fig. 1B).

PMA/IONO induces apoptosis in OCI-LY1 cells. Compared 
with the control cells, apoptosis rates showed no significant 
differences after treatment with PMA/IONO for 24 and 72 h 
(P>0.05); however, the apoptosis rate of OCI-LY1 cells was 
higher after treatment with PMA/IONO at 48 h compared 
with the controls, with 25.5±8.84 and 7.43±1.42%, respectively 
(P=0.015), as shown in Fig. 2.

PMA/IONO treatment results in OCI-LY1 cell cycle arrest 
at the G0/G1 stage. Cell cycle distribution of OCI-LY1 
cells was examined by flow cytometry. Distinct cell cycle 
distribution patterns appeared between the control and the 
PMA/IONO treatment groups at 24 h (P<0.05); clearly, cells at 
the G0/G1 stage were markedly increased after treatment with 
PMA/IONO (Fig. 3). The differences were less apparent at later 
time-points of 48 and 72 h (Fig. 3). These findings indicated 
that PMA/IONO caused cell cycle arrest at the G0/G1 stage.

PMA/IONO induces protein expression of A20 but not MALT1 
in OCI-LY1 cells. As shown in Fig. 4, treatment of OCI-LY1 
cells with 200 ng/ml PMA resulted in increased A20 protein 
levels. However, combining PMA and IONO further induced 
A20 protein expression, in an IONO concentration-dependent 
manner (Fig. 4A). In addition, when PMA/IONO at 200 ng/ml 
+ 1 µM were assessed at different times, western blot analysis 
indicated that A20 protein expression was increased in a 
time-dependent fashion (Fig. 4B). Meanwhile, no differences 
in MALT1 protein levels were found among OCI-LY1 cells 
treated with PMA monotherapy and PMA/IONO combina-
tions, at any concentrations or times (Fig. 4).

Figure 1. PMA and PMA/IONO affect OCI-LY1 cell growth. (A) Effects of PMA (ng/ml) on OCI-LY1 cell proliferation. (B) Effects of PMA/IONO (ng/ml 
+ µM on OCI-LY1 cell growth. Values are mean ± SD (n=3). #P<0.05 vs. PMA-treated cells at the same time-point; *P<0.05, **P<0.01 vs. the 200+0 group.
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PMA/IONO decreases survivin expression at the gene and 
protein levels. Survivin mRNA levels were significantly 
lower in OCI-LY1 cells treated for 48 h with PMA + IONO 
(0.22±0.06) compared with the PMA (0.45±0.08) and the 
control (0.81±0.14) groups (all P<0.05, Fig. 5A). In concor-
dance, survivin protein amounts were lower in the OCI-LY1 
cells treated with PMA + IONO (0.37±0.02) compared with 
values obtained after treatment of PMA (0.58±0.06) and 
no treatment (0.52±0.07) (all P<0.01, Fig. 5B). Although a 
significant difference was obtained in survivin mRNA levels 
between the PMA and control groups (P<0.05, Fig. 5A), 

similar survivin protein amounts were obtained between the 
latter 2 groups (P>0.05, Fig. 5B).

A20 silencing increases survivin expression at the gene and 
protein levels. As shown in Fig. 6A, survivin mRNA levels 
were increased significantly in the A20-knockdown OCI-LY1 
cells; however, survivin mRNA amounts were decreased in 
the OCI-LY1 cells after A20 silencing and treatment with 
PMA/IONO. Similar findings were obtained at the protein 
level for survivin expression (Fig. 6B).

Figure 2. Effects of PMA/IONO on OCI-LY1 cell apoptosis at different times. 
(A) Flow cytograms of cells treated with 200 ng/ml + 1 µM PMA/IONO 
at different times. Q4, early apoptosis; Q2, late apoptosis. (B) Quantitation 
of (A). Values are presented as the mean ± SD (n=3). *P<0.05 vs. control 
group at the same time-point.

Figure 3. Effects of PMA/IONO on OCI-LY1 cell cycle distribution at dif-
ferent times. (A) Flow cytograms of cells treated with 200 ng/ml + 1 µM 
PMA/IONO for different times. (B) Quantitation of (A). Values are presented 
as the mean ± SD (n=3). *P<0.05 vs. control group at the same time-point.
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Discussion

In this study, we demonstrated that PMA/IONO promotes 
apoptosis and inhibits the growth of DLBCL cells, and these 
effects are likely mediated by A20 upregulation.

At present, A-CHOP is the classical treatment for DLBCL. 
Because of its heterogeneity, many cases with DLBCL cannot 
achieve a good response to this therapy. Indeed, Zelenetz pointed 

out that treatment for DLBCL has exceeded A-CHOP (22). 
Therefore, it is important to identify new therapeutic targets 
for this lymphoma; some genes regulating NF-κB activation 
may be valuable in the treatment of DLBCL (23).

As aforementioned, PMA/IONO decreased OCI-LY1 
proliferation, in time- and IONO concentration-dependent 
manners. These findings corroborate previous studies showing 
that PMA and IONO in combination affect the growth of T 

Figure 4. Effects of PMA/IONO on MALT1 and A20 protein levels at different times and concentrations. (A) A20 and MALT1 protein levels in OCI-LY1 cells 
treated with different PMA/IONO combinations (0 ng/ml + 0 µM, 200 ng/ml + 0 µM, 200 ng/ml + 0.167 µM, 200 ng/ml + 1 µM, 200 ng/ml + 2 µM) for 2 h. 
(B) A20 and MALT1 protein levels in OCI-LY1 cells treated with PMA/IONO (200 ng/ml + 1 µM) for different times. Values are presented as the mean ± SD 
(n=3). *P<0.05, **P<0.01 vs. the control group at the same concentration or time-point.

Figure 5. Survivin mRNA and protein levels after treatment with PMA/IONO at different concentrations. OCI-LY1 cells were treated with PMA/IONO at 
different concentrations for 4.5 h. (A) Relative survivin mRNA levels and (B) survivin protein levels. Values are presented as the mean ± SD (n=3). *P<0.05 
vs. 0+0 group. #P<0.05 vs. 200+0 group.
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and B cells and macrophages in vitro (24,25). Decreased cell 
proliferation might be explained by the cell cycle arrest of 
OCI-LY1 cells treated with PMA/IONO at the G0/G1 phase 
as stated above. In addition, we found that OCI-LY1 cell apop-
tosis was increased after treatment with PMA/IONO for 48 h; 
of note this effect was not observed at 72 h, possibly due to the 
overall cell death rate at this time-point for both groups. The 
role of A20 in DLBCL remains unclear. In this study, the rela-
tionship between PMA/IONO and the expression of various 
proteins, such as A20, MALT1 and survivin, in OCI-LY1 cells 
were also assessed.

Notably, we recently found that A20 abnormalities are 
involved in DLBCL cell proliferation and drug resistance, as 
well as poor prognosis (unpublished data). A20 expression 
levels in the OCI-LY1 cells were increased after treatment 
with PMA/IONO. Markedly, A20 protein levels increased 
after treatment with PMA/IONO, which caused no change 

in MALT1 protein expression. This finding indicates that the 
change in A20 protein expression is not linked to proteolytic 
activation by MALT1 protein in the OCI-LY1 cells treated with 
PMA/IONO. All in all, these results suggest that PMA/IONO 
induced apoptosis and decreased growth in OCI-LY1 cells and 
this is associated with its effects on A20 protein expression 
in OCI-LY1 cells. Ca2+ overload is one of the mechanisms 
of apoptosis of OCI-LY1 cells exposed to PMA/IONO (26). 
Another mechanism of apoptosis and proliferation inhibi-
tion may be associated with A20 upregulation. In this case, 
it is possible that A20 expression inhibits NF-κB activation. 
We also found that survivin expression was decreased in the 
OCI-LY1 cells after PMA/IONO treatment. The reduced 
survivin levels may result from inhibition of NF-κB signaling 
caused by A20 upregulation. These data were confirmed by 
A20 silencing in OCI-LY1 cells, which resulted in increased 
survivin amounts, both at the gene and protein levels.

In conclusion, this study demonstrated that PMA/IONO 
affects the growth of OCI-LY1 cells, an effect associated 
with A20 induction. As an important negative regulator, A20 
also impacts progression and treatment of DLBCL possibly 
by inhibiting NF-κB, indirectly inhibiting target genes such 
as survivin. Therefore, A20 may be considered a therapeutic 
target for DLBCL.
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